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PLANE  SUKVBYING 


*  Md  dimwn  to  M  waggermted  scale.  The  area  abode  representing 
to  teak,  the  aim  AJBODE.  It  may  be  desirable  to  set  up  the 
table  at  aome  other  point,  as  for  instance  one  of  the  corners  of  the 
field,  and  mo  out  aome  of  the  lines  to  the  other  corners  as  a  check 
open  the  work, 

Traversing,  er  ffie  Method  of  Progression.  This  method  is 
practically  the  same  as  the  method  of  surveying  a  series  of  lines 
with  the  transit,  bat  requires  that  all  of  the  points  be  accessible. 
It  it  the  beat  method  of  working  as  it  provides  a  complete  check 
unoa  the  surrey. 

Let  ABODE,  Fig.  126,  be  the 
series  of  lines  to  be  surveyed  by 
traversing.  Set  up  the  table  at 
B,  the  second  angle  of  the  line, 
so  that  the  point  T>  upon  the  paper 
will  be  directly  over  the  point 
B  upon  the  ground.  (The  point 
b  should  be  so  chosen  as  to  leave 
room  upon  the  paper  for  as  much 
of  the  traverse  as  possible.)  Stick 
a  needlo  at  the  point  I  and  place 

the  edge  of  the  alidade  against  it.  Swing  the  alidade  around  until 
the  line  of  sight  covers  the  point  A.  Measure  BA  and  lay  it  off  to 
the  j>ro]*r  scale  as  la.  Now  turn  the  alidade  around  the  point  5 
and  sipht  to  and  measure  the  distance  BC  and  plot  it  to  scale  as  Ic. 
Remove  the  instrument  to  ^  with  the  points  upon  the  paper  directly 
u\  IT  C  upon  the  ground,  and  <-l  in  the  direction  of  CB.  This  is  diffi- 
cult to  accomplish  with  the  plane-table,  but  if  the  plot  is  drawn  to 
,i  larire  scale,  it  must  be  done.  If  the  plot  is  drawn  to  a  small  scale, 
it  will  K-  sufficiently  accurate  to  set  the  table  over  the  point  C  as 
ni-arly  as  pi*-?ilile  in  the  proper  direction  and  then  turn  the  loard 
in  a/mnitli  until  I  is  in  the  direction  of  B.  Stick  a  needle  at  (j  and 
••link  the  length  of  t  A.  Swing  the  alidade  around  c  until  the  line 
•  if  -i^ht  covers  D,  measure  CD  and  plot  cd.  liemove  to  D  and 
jiru'vd  :i^  In-fure  and  so  on  through  the  traverse. 

If  tin-  survey  is  of  a  closed  Held,  the  accuracy  of  the  work 
w»II  he  checked  by  the  closure  of  the  survey. 


Fig.  127. 
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The  method  of  progression  is  especially  adapted  to  the  survey 
of  a  road,  the  banks  of  a  river,  etc.,  and  often  many  of  the  details 
may  be  sketched  in  with  the  eye. 

When  the  paper  is  filled,  pat  on  a  new  sheet,  and  on  it,  fix 
two  points,  such  as  D  and  £,  which  were  on  the  former  sheet  and 
from  them  proceed  as  before.  The  sheets  can  afterward  be  united 
so  that  all  points  on  both  shall  be  in  their  true  relative  positions. 

fiethod  of  Intersection.  This  is  the  most  rapid  method  of 
using  the  plane-table.  Set  np  the  instrument  at  any  convenient 
point,  as  A  in  Fig.  127  and  sight  to  all  the  desired  points  as  D,  £, 
F,  etc.,  which  are  visible,  and  draw  indefinite  lines  in  their  direc- 
tions. Measure  any  line  as  AB,  B  being  one  of  the  points  sighted 
to,  and  plot  the  length  of  this  line  upon  the  pa  per  to  any  convenient 
scale.  Move  the  instrument  to  B  BO  that  b  upon  the  paper  will  be 
directly  over  B  upon  the  ground,  and  so  that  la  upon  the  paper 
will  be  in  the  direction  of  B  A  upon  the  ground  as  explained  under 
the  method  of  progression.  Stick  a  needle  at  the  point  b  and 
swing  the  alidade  around  it,  sighting  to  all  the  former  points  in 
succession,  and  draw  lines  in  their  direction.  The  intersection  of 
these  two  sets  of  lines  to  the  several  points  will  determine  the 
position  of  the  points.  Connect  the  points  as  <7,  <\j\  y,  in  the 
figure.  In  surveying  a  field,  one  side  may  be  taken  as  the  base 
line.  In  choosing  the  base  line,  care  must  be  exercised  to  avoid 
very  acute  or  obtuse  angles:  3<»  and  1  ."30"  being  the  extreme  limits. 
The  impossibility  of  always  doing  this,  sometimes  renders  this 
method  deficient  in  precision. 

TOPOGRAPHICAL  SURVEYING. 

A  topographical  map  is  one  shotting  the  connVurution  of  the 
surface  of  the  ground  of  the  area  to  be  mapped  arid  include  1A»'- 
rivers,   and   all   other   natural   features,   and    sometimes   artiticiul 
features  as  well. 

A  topographical  survey  is  one  conducted  for  the  purpose  of 
acquiring  information  necessary  for  the  production  of  a  topograph- 
ical map  of  the  area  surveyed. 

Nearly  all  engineering  enterprises  involve  a  to|>ograpnical 
survey  more  or  less  extended,  depending  upon  the  nature  and 


Authors  and  Collaborator  —  Continued 
A.  MARS^ON,  C.  E. 

Dean  of  Division  of  Engineering  and  Professor  of  Civil  BnffixiMrlnff,  Iowa  State  Coll*** 
Member,  American  Society  of  Civil  Engineers 
Member,  Western  Society  of  Civil  Engineers 


De  WITT  V.  MOORE 

Consulting:  Engineer  and  Architect 

District  Engineer—  Central  District  Division  of  Valuation 

Interstate  Commerce  Commission.  Chicago 

Member,  American  Society  Engineering  Contractors 

Member,  Indiana  Engineering  Society 


W.  HERBERT  GIBSON,  B.  S.,  C.  E. 

Civil  Engineer 

Designer  of  Reinforced  Concrete 


C.  D.  RAWSTORNE,  C.  E. 

Consulting  Engineer,  Civil  Enfirmt'ei  inff  Departrni-nt.  A  HUTU  JIM  S<  l,iH.|,,f  <  .  m    \  ..tu{« 
Formerly  Superintendent  of  Construction,  John  M,  Kwrn  <  •  iHiimut 


HENRY  J.  BURT,  B.  S.,  C.  E. 

Structiual  Engineer  for  Holabnd  and  l£o<  In-.  >\n  hit i  .  in 

MemhiT,  Anu'i  UMM  SoriiMy  of  ( 'u  il  I'-ru'iin't-r 

MernlitT.  Wcstc'i  r»  Six  n-l\  ofCiMl  Kririnn  i  - 

Member,  SIK  n-ty  foi  (In-  Promotion  uf  l-.ni.1  im-i-!  mj.    I  <hn 


RICHARD  I.  I). 

Civil  KnKim-<T 

Ml'Mlbl'I  ,    AllM'l  ll  .in   SiHMt't',    i)f('l\ll     I     ll,'IMi'i    !    I 


HERMAN  K.  IIKKJINS 

^'ivil  KiiKinrcr 

Associate  MiMiilu-r.  Aiu.-i  n-jin  S..<  i.-t  \  nt  <  ,-.  ,|  J  m.  ,„, 
MumlitM,  Itnstiin  Sin  n-t\  of  (  i\il  1  rifinriM 
Member.  Nrw  Kn^l.iiiil  VV.tifi  \\nrk     \     nfi.iii.in 
Meinboi,  Amciii-.in  K.ulway  Hud^c  and  liuildin^   \. 


ALFRED  R    PHTT.T  TPQ    r    p     PI, 


Authors  and  Collaborators— Continued 


H.  E.  MURDOCK,  M.  E.,  C.  E. 

Head  of  Department  of  Agricultural  Engineering,  Montana  State  College,  Bozeman, 

Montana 
Formerly  Irrigation  Engineer,  U.  S.  Department  of  Agriculture 


A.  B.  McDANIEL,  B,  S. 

Assistant  Professor  of  Civil  Engineering,  University  of  Illinois 
Member,  American  Society  of  Civil  Engineers 
Member,  Society  for  the  Promotion  of  Engineering  Education 
Fellow,  Association  for  the  Advancement  of  Science 
Author  of  "Excavating  Machinery" 


GLENN  M.  HOBBS,  Ph.  D. 

Secretary  and  Educational  Director,  American  School  of  Correspondence 
Formerly  Inwtnictor,  Department  of  Physics,  University  of  Chicago 
American  Physical  Society 


THOMAS  KLKMING,  Jr.,  B.  S.,  C.  E. 

With  Che-JcrM  I'Menuntf,  Hydraulic  and  Sanitary  Kngmoera 
Asso<  late  Member,  Aineru  an  Societ  v  of  Civil  MritfineerH 
Member,  New  Kritfland  Water  Woihn  Association 
Member.  Knj/meen'  Society  of  Pennsylvania 


CHARIiKS  K.  MORRISON,  C.  K  ,  Th.  I). 

I1  in  niei  ly  hi  ,t  i  IK  tot   in  Ci\  il  Kiivnu-ei  my.  Col  in  M  lua  Him  ei  sit  v 

A     in  iale  Mi  tnl>rr    A  met  ic.it  i  SIM  id  \  <>|  <  '\\  il  KMI/II is 

AutluM  «>f  "lh^h\\a\  Mnr  iiM'ei  niK'",  "llij,'li  Mir. miry  iJ.im  I)e4ij,' 


KDWARD   B.  WAITM 

KoimerU   Pi  an.  iiiul  lle.id.  Tun    ultinp   I  )ep.u  I  nu-nt .  Ai 
-\inei  u  an  SIM  ii  t  \  ul  Mi  i  ILIUM  .il  l.nrniei  t  . 
Ito  ton  Soci,  t\  <.l  <'IM|  l.n^mr.-i  t 


HAROLD  W.   ROHHINS,   M.  M. 

I'oi  (in  i  lv  IriMl  MI<  tor,  I  ,c\\  i  i  I irit  it  u 1 1-,  inid  Ann 
i'.i   I  S«M  n-litiy.  'I  lie  Aeici  <  'lull  nl  Illinois 
Sjn  i-ial  \\ntei  and  Tcrhiiirnl  In\  «'Ht  i^.it<n 


Authorities  Consulted 


THE  editors  have  freely  consulted  the  standard  technical  literature  of 
America  and  Europe  in  the  preparation  of  these  volumes.    Thay  de- 
sire to  express  their  indebtedness,  particularly,  to  the  following 
eminent  authorities,  whose  well-known  treatises  should  be  In  the  library  of 
everyone  interested  in  Civil  Engineering. 

Grateful  acknowledgment  is  here  made  also  for  the  invaluable  co- 
operation of  the  foremost  Civil,  Structural,  Railroad,  Hydraulic,  and  Sanitary 
Engineers  and  Manufacturers  in  making  these  volumes  thoroughly  repre- 
sentative of  the  very  best  and  latest  practice  in  every  branch  of  the  broad 
field  of  Civil  Engineering. 


WILLIAM  G.  RAYMOND,  C.  E. 

Dean  of  the  School  of  Applied  Science  and  Profeator  of  Civil  EnirimwHnjr  In  thr  Ht«t« 

University  of  Iowa:  American  Society  of  Civil  Enirln*em 

Author  of  "A  Textbook  of  Plane  Survey in«."  "The  Element*  of  Kailroftd  KruriWNrrinir" 

>* 

JOSEPH  P.  FRIZELL 

Hydraulic  Engineer  and  Water- Powt-r  Expert.  American  Society  of  Civil  Knu ln.«*r. 
Author  of  "Water  Power,  the  Development  ami  Apj.lir.tion  of  th*  Kn«pr»ry  «f  Kluwinr 
Water" 


FREDERICK  E.  TURNEAURE,  C.  K.f  Dr.  Knjf. 

Dean  of  the  College  of   Knirinwrinir   and   }'n>f«>HHiir  i 

Wisconsin 
Joint  Author  of  "Public  Wat.-r  Suppli,..."   "rhiN.ry  nn.i   I'rwtur  ,,f  M..|.,n   J  r»i,,n 

Structures,"  "Principles  of  Kfinfnrcc><l  <'.  ru  n  {••  (  Kiiitiin  n..n" 


Dean  of  the  College  of   Knirinwrinir   and   }'n>f«>HHiir  i.f    Knirini-rrimr.    rrmirnt*    ,,f 
Wisconsin 


HENRY  N.  OGDEN,  C.  E. 

Professor  of  Sanitary  KnKinvurmtr,  Cornell  I'nuiTiiit 
Author  of  "Sowrr  Desiirn" 


DANIEL  CARHAKT,  C.  K. 

Emeritus  I»rof,.sH»r  «.f  Civil  KiiKin..|.,iiiir.  l'im,.rH,M  ,  f  !',f  i,t,Iirh 
" 


Author  of 


reutisi'on  IMunr  Sur\i->  mK" 


HALBERT  P.  GILLETTE 

W«»r0tKn0inutln0an,t<\tnl,n,rini,    A.,,,.r.,.,in  S-,  ,.  •  ,  ,f  ,    ,,] 

C  hiff  KnKimvr.  Wushumtun  St.it,-  ltailr.,ii.|  I  ,,ri,i,  .....  „ 
Author  of  "Handbook  of  Cost  Data  f..r  C.mira,  !„,  ,  ami  I  i,k.,f,,,,, 

•,• 

CHARLES  E.  GREENE,  A.  M.,  C\  K. 


Authorities  Consulted — Continued 


A.  PRESCOTT  FOLWELL 

Editor  of  Municipal  Journal  and  Engineer;  Formerly  Professor  of  Municipal  Engineer- 
ing1, Lafayette  College 
Author  of  "Water  Supply  Enffineerinfir,"  "Sewerage" 


IRVING  P.  CHURCH,  C.  E. 

Professor  of  Applied  Mechanics  and  Hydraulics,  Cornell  University 
Author  of  "Mechanics  of  Engineering" 


PAUL  C.  NUGENT,  A.  M.,  C.  E. 

Professor  of  Civil  Engineering,  Syracuse  University 
Author  of  "Plane  Surveying" 

?y» 

FRANK  W.  SKINNER,  C.  E. 

Consulting  Engineer;  Associate  Editor  of  The  Engineering  Record 
Author  of  "Types  and  Details  of  Bridge  Construction" 


HANBUKY  BROWN,  K.  C.  M.  G. 

Member  of  the  Institution  of  Civil  Engineers 
Author  of  "Irrigation.  Its  Principles  und  Practice" 


SANFORD  E.  THOMPSON,  S.  B.,  C.  E. 

American  Society  of  Civil  KiiKincMTH 

Joint  Author  of  "A  Treatise  on  Concrete,  Plain  and  Reinforced" 


JOSKI'H    KKNDALI,  KKKITAC.,  B.  S.,  (\  K. 

Amen<  un  So<  ietv  of  Civil  KnKincciH 

Ant  hor  of  "Ar  <  hitei  tural  Knurmcerui)/."  "!•  irepioofing  of  Steel  ItmldiiiffV  "I- ne  Pro- 
\entiiinanii  Fire  Protection" 


AUSTIN  T.   HYKNK,  C.  M. 

<  i\  tl  1  .iiKi'icer 

Aut  Inn  of  "Ihuliwav  ('(instruction."  "Inspe<  t  ion  of   Platei  i  ,1  t  .  rul   Vvorkmanship 
p|n\ed  in  <  'on  *t  rue  t  ion" 


JOHN   F.  HAYFOKI),  C.  K. 

I  \pert  Computer  and  Ceodcsmt.  U.  S    Const  and  Ceodetic  Survey 
Author  of  "A  Textbook  of  (Jeodetic  Astronomy" 


WALTKK  LORINCi  WEBB.  (\  K. 


Authorities  Consulted 


THE  editors  have  freely  consulted  the  standard  technical  literature  of 
America  and  Europe  in  the  preparation  of  these  volumes.    They  de- 
sire to  express  their  indebtedness,  particularly,  to  the  following 
eminent  authorities,  whose  well-known  treatises  should  be  in  the  library  of 
everyone  interested  in  Civil  Engineering. 

Grateful  acknowledgment  is  here  made  also  for  the  invaluable  co- 
operation of  the  foremost  Civil,  Structural,  Railroad,  Hydraulic,  and  Sanitary 
Engineers  and  Manufacturers  in  making  these  volumes  thoroughly  repre- 
sentative of  the  very  best  and  latest  practice  in  every  branch  of  the  broad 
field  of  Civil  Engineering. 


WILLIAM  G.  RAYMOND,  C.  E. 

Dean  of  the  School  of  Applied  Science  and  Professor  of  Civil  ftniriiuwrinir  in  thr  Hlalv 

University  of  low*:  American  Society  of  Civil  Enirine*™ 

Author  of  "A  Textbook  of  Plane  Survey Inir,"  "The  Klomcnta  uf  lUllnnul  Knjnn*«rinic" 

•V- 

JOSEPH  P.  FRIZELL 

Hydraulic  Engineer  ami  Water-  Pow<r  Kxpert.  American  Soclrty  uf  Civil  Knuinr^r- 
Authorof  "Water  Power,  the  Development  ami  Application  of  thn  Knvriry  of  Kli.wlnv 
Water" 


FREDERICK  E.  TURNEAURK,  C.  K  ,  Dr.  Kn^. 

Dean   of  the  College   of    Knicmecrinir    ami    I'n.fi'Hm.r   .f    Fninniirtiiir      rimitaiii    ,  f 

Wisconsin 
Joint   Author  of   "Public  Wati-i    Siipplu-s.1        I  heury   nu>l    I'm.  ti.  •    «.f  M.-lnu  I  mn,«-,t 

Struc  tun*1*,"  "Principle-*  of  Krmfun  c«l  <  •  n»  r«  (4  <  >m>tti  in  ti«-n  ' 


HENRY  N.  <)<;i>KN,  (\  K 

PrnfeHMor  of  Sitmtiir}  F.nKineerm»r.  Cnrm-ll  I  ni\«rm«> 
Author  of  "Si-wrr  DCHIKH" 


DANIEL  C'ARHAKT,  (\  K. 

Krncritiis  Profi-MHiir  fif  ('jvil  KiiKini-eiiinr.  I'nm-r.it*  <1  Pi't  »l.iiru)i 
Aiithitr  of  '"I  rt-atm-  nn  I'lanr  Sur\«  >  IMK" 


H ALBERT  l\  (IILLETTE 

Kdilor  of  Knt/imtnnu  nn<l  ('.,ntitn  ti>«j    Amei  u-un  S-.  M  •  \  ,  ,f  i   i  M!  J  rifit.,  •  r  ,     I  .  rn.f  r!> 

Chief  Krigineer.  WaHhuigton  .siafi-  I{iii!r..j»,i  <  .<niiin  .   ...n 
Author  of  "HandbiKjk  of  COHI  Duta  fur  Cimtriietur  >  »ml  \  i.^im  •  m" 


CHARLES  E.  GREENE,  A.  M.,  (\  K. 


Authorities  Consulted — Continued 


A.  PRESCOTT  FOLWELL 

Editor  of  Municipal  Journal  and  Engineer;  Formerly  Professor  of  Municipal  Engineer- 

ing, Lafayette  College 
Author  of  "Water  Supply  Engineering,"  "Sewerage" 


IRVING  P.  CHURCH,  C.  E. 

Professor  of  Applied  Mechanics  and  Hydraulics,  Cornell  University 
Author  of  "Mechanics  of  Engineering" 


PAUL  C.  NUGENT,  A.  M.,  C.  E. 

Professor  of  Civil  Engineering.  Syracuse  University 
Author  of  "Plane  Surveying" 

Tr- 

FRANK  W.  SKINNER,  C.  E. 

Consulting  Knprinoei;  AsHociate  Editor  of  The  Engineering  Record 
Author  of  "TyDOH  and  Details  of  Hridsre  Construction" 


HANBUKY  BROWN,  K.  C.  M.  G. 

Member  of  the  Inntitution  of  Civil  FOnRineorfl 
Author  of  "Irrigation,  IIH  I'rmciploH  and  Practice" 


SANFORD  K.  THOMPSON,  S.  B.,  C.  K. 

Ainoriean  Sonet  v  of  Civil  KnyMneerH 

Joint  Author  of  "A  Trt'atiHf11  mi  Connote.  I'lum  and  Kemforred" 


JOSKI'H   KKNDAI.L  FRKITAG,  B.  S  ?  (\  K. 

AMHTK  an  S<>«  u-t  v  of  Civil  Kntcinccis 

Author  of  "A«<  hitrt  lural  I'inKinrc-nnK."  "I1  ir«-p'  ooMnn  of  St«M-l  ItiuldiiiK1^. "  "I'irr  I'r<«- 
\(>>itiou  and  Kirc  Pi  ot<-(  tion" 


AUSTIN  T     HVRNK.  C    K. 

(  'i\  ll   I'  NKl'irt  t 

Autlioi  »l  ''IhwliwaN   Const  ru<  I  ton,"  "InHpci  t  ion  of   rial  cr  i  .1  t  .  ud   W  ork  tiijinslup   IMII- 
IiloM'd  in  <  'on  itrin  t  loti" 


•JOHN   F.   HAVFORD,  C.  K. 

I  \jn>tt  ( 'oiiiputi1!  junl  <  !<-(Ml«'Mnt,  Il.S    Const  and  (itMHli'tu*  Survey 
Author  <jf  "A  'IVxth<M)k  of  (IiMxlotn1  Astronomy" 


Authorities  Consulted— Continued 


EDWARD  R.  MAURER,  B.  C.  E. 

Professor  of  Mechanics,  University  of  Wisconsin 

Joint  Author  of  "Principles  of  Reinforced  Concrete  Construction" 


HERBERT  M.  WILSON,  C.  E. 

Geographer  and  Former  Irrigation  Engineer,  United  States  Geological  Surrey;  American 

Society  of  Civil  Engineers 
Author  of  "Topographic  Surveying."  "Irrigation  Engineering."  etc. 


MANSFIELD  MERRIMAN,  C.  E.,  Ph.  D. 

Consulting  Engineer 

Formerly  Prof esser  of  Civil  Engineering.  Lrhigh  Univ«»ntUy 

Author  of  "The  Elements  of  Frecine  Surveying  and  <;r<ajt*«y."  "A  Trmti»n  i.n  ll\- 
draulics,"  "Mechanics  of  Matorlnlii."  "Kotaininir  Wnll*  and  Mn^'hiy  l»«m-  ' 
"Introduction  to  Gixniotic  Surveying."  "A  Ti*ttlNmk  nn  K.Mif*  nm|  Urultfi  ».  '  A 
Handbook  for  Surveyors,"  "Amoiican  Civil  KnirliKTm'  I'IM  k«  t  li.Nik" 


DAVID  M.  STAUFFER 

American  Snrii'ty  <>f  Civil  Kntfimvrn.   Imtiiufnin  of  <  i\il  }  nwm-ir      \  i 

Enfrim'c'iiriH:  NCWH  riihliHtimv  ('•• 
Author  of  "Mixiern  Tuniu-l  I'rurim-" 


CHARLES  L.  CKANDALL 

I'nifi'H^ur  i»f  Uailrmui  KiiiMin  i  ruin  uml  <  )>  -uli 
Author  (jf  "A  T<- \tlninK  mi  <  .<  >»!(•  <\  .mil  i  •  an 


N.  CLIFFORD  KK'KKR,   M    An-h. 

I'infi'HHoi  of   Airhili-i  Mu«  .    I   HIM  i    it\    ..f    1.  iM'.i  |  ,      , 

Aichiti-i-f  <  .unl  ..J  iln    \\  ,    :,•!!,    \     ,..  iiii.,n.,f  \ 

All!  hoT  of    "I'.llMIK   Mlltl>     '  i!.l{>h|c          1    if  1,     .    .iful    M,.     (  !,      <        , 


W.  II.  SKAKLKS.  C.  K. 

Aiitiifir  «if  "Ku-lil  I  iiKinn  iiiiv-'  '  in  I     i,  i       -i!     i      .1 

HKNRY  T.   BOVKV 

Lnti'  K«'<  toi  i.f  Iiiipi-iiiil  <  oil.  >•••.,  t  .  .  ii  M      nn.l   I.  .  i^ti   I   k..       I     ,,  i    ,,    |  ,  „  'All  , 
Authcn  ..f  '  Tn-aliHi-  <.n  H\.|»au!i.    " 


WILLIAM  H.   BIKKMIKK,  C.  F. 


Authorities  Consulted— Continued 


IRA  0.  BAKER,  C.  E. 

Professor  of  Civil  Engineering,  University  of  Illinois 

Author  of  "A  Treatise  on  Masonry  Construction,"  "Engineers'  Surveying  Instruments, 
Their  Construction.  Adjustment,  and  Use,"  "Roads  and  Pavements" 

<*• 

JOHN  CLAYTON  TRACY,  C.  E. 

Assistant  Professor  of   Structural   Engineering,    Sheffield    Scientific    School,    Yale 

University 
Author  of  "Plane  Surveying:  A  Textbook  and  Pocket  Manual" 


FREDERICK  .W.  TAYLOR,  M.  E. 

Joint  Author  of  "A  Treatise  on  Concrete,  Plain  and  Reinforced" 

*>+ 

J.  B.  JOHNSON,  C.  E. 

Author  of  "Materials  of  Conduction;"  Joint  Author  of  "Doaiarn  of  Modern  Frame 
Strut-turoM" 

*!>* 

FRANK  K.   KIDDKR,  C.  K.f  Ph.  I). 

CoriHiiltmu:   ArchittM't  ami  Structural  Kiitfmcor.   I'Vllow  of  Uio  American  Institute  of 

Ai i  hitrcls 
Autlioi  of  "Ari'hitiM-t 'H  »n«l  HuiMcr'rt  I'orkothook."  "IluiMinu:  Conslrurtion  mitl  SUJHT- 

inli-niii>in«».    Pint    I,    Manors'  Work.   I'm  I   II.  ('unx-nti'is'  Woik.   I'm  I  III.  TIUHHI-I! 

Kduftniiil  Koof  Trus  ii-H,"  "Stn-iiK;!  hof  liraiiiH,  KhioiH.  uncl  Koofs" 


WILLIAM    H.   MURR,  ('.  K. 

1'inli     nit   <if  C-vil   I-'.jiKirjcn  U\K.  <  <iliuut)ia  UimcTMity.  <'oinulhn^  I')tiKi"«'<'r.  AMUMK  .in 

,Sni  K  t  \  .if  (  i\  1 1  Knirinr<>i  i,  lu-it  it  u(  iot i  (i I  ( 'iv  il  I'liiKiii'MM't 

A  ulli.  M  ..(  "l-'l.i  tin  ilv  and  Hf  n  ilniicc  of  lh<-  Mulct  i;il  i  ol   I'liu- 1  IK-CM  m- ."  Joint   Aullioi  of 
I'lir    1>.  Mir n  utiil   I'dii-ii  tin  lion  ol    M<-(nllic   Utid^cM,"    "Su  ipni  IKIII   Hi  i<U:<'      Anh 

Kill  I.   .in«l    CllMllli-MM    /' 


WII.I.IAM    M     CILLKS1MK,   I  A,.  I). 

I  miiK'iU    1'inti      in  u(  (  i\il  I''.n^  it\('«'i  niy  in  Unidii   Urn\«M  utv 

Allllinl     of    "I.llllil   Sill  \C\  ltl»'    Mild    l>lt('(  t    L('\  clllir."    "IllJ-'luM     Sill  VCV1MJ.'' 


CKOIMIM  W.  TILLSON,  C.  M 

I'IL   t   Pn  luicnt  nf  I  h<«  ItriMiktyti  MMKMIH-IM  i'  Cluli.   AinctM.iti  Sntu-U   nl    Ci\il 

Allli'lM     lll.^<Mlcl\    III     MllMK   IJUll     IlllpliiVCIlK-lll'l 

Autluii  »1  '  Slii'i-t  I'uvi  iniMit  t  ami  Stif«>t  I'liMiiir  Miitciiiil" 


CHAKLKS  K.   FOWLKR 

CunsiilliiiK  <'i\il  MriKincct.  Mcml«T.  Ann-i  u-an  S(i<Mi>ty  of  Civil  Kn 
Authoi  of  "IMuftiriil  Tn-nti  n«  on  Suliii'iucom  I-'-nunlul  ions" 


For  e  wor  d 


OF  all  the  works  of  man  in  the  various  branches  of  en- 
gineering, none  are  so  wonderful,  so  majestic,  so  awe- 
inspiring  as  the  works  of  the  Civil  Engineer.  It  is  the  Civil 
Engineer  who  throws  a  great  bridge  across  the  yawning  chasm 
which  seemingly  forms  an  impassable  obstacle  to  further 
progress.  He  designs  and  builds  the  skeletons  of  steel  to  dizzy 
heights,  for  the  architect  to  cover  and  adorn.  He  burrows 
through  a  great  mountain  and  reaches  the  other  side  within  a 
fraction  of  an  inch  of  the  spot  located  by  the  original  survey. 
He  scales  mountain  peaks,  or  traverses  dry  river  beds,  survey- 
ing and  plotting  hitherto  unknown,  or  at  least  unsurveyed, 
regions.  He  builds  our  Panama  Canals,  our  Arrow  Rock  and 
Roosevelt  Dams,  our  water-works,  (ill  ration  plants,  and  prac- 
tically all  of  our  great  public  works. 


*  The  importance  of  all  of  these  immense  engineering 
projects  and  th"  need  for  a  (dear,  non-technical  presentation  of 
the  theoretical  and  practical  developments  of  the  broad  Held 
f  Civil  Kngiiioermn  has  led  the  publishers  to  compile  this 
great  reference  work.  It  has  been  their  aim  to  fulfill  the  de- 
mands of  the  trained  engineer  for  authoritative  material  which 
\\ill  solve  the  problems  in  his  own  and  allied  lines  in  Civil 
Kngineering,  as  \\ell  as  to  satisfy  the  desires  of  the  self-taught 
practical  man  who  attempts  to  keep  up  with  modern  engineer- 


o 
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4£  Books  on  the  several  divisions  of  Civil  Engineering  ar 
many  and  valuable,  but  their  information  is  too  voluminous  t 
be  of  the  greatest  value  for  ready  reference.  The  Cyclopedia  o 
Civil  Engineering  offers  more  condensed  and  less  technics 
treatments  of  these  same  subjects  from  which  all  unnecessar; 
duplication  has  been  eliminated;  when  compiled  into  nin 
handy  volumes,  with  comprehensive  indexes  to  facilitate  th 
looking  up  of  various,  topics,  they  represent  a  library  admirabl; 
adapted  to  the  requirements  of  either  the  technical  or  th< 
practical  reader. 

C.  The  Cyclopedia  of  Civil  Engineering  has  for  years  occupiec 
an  enviable  place  in  the  field  of  technical  literature  as  j 
standard  reference  work  and  the  publishers  have  spared  n< 
expense  to  make  this  latest  edition  even  more  comprehensive 
and  instructive. 

C.  In  conclusion,  grateful  acknowledgment  is  due  to  the  stafl 
of  authors  and  collaborators — engineers  of  wide  practical  ex 
perience,  and  teachers  of  well  recognized  ability  —  withoul 
whose  hearty  co-operation  this  work  would  have  been  im- 
possible. 
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PLANE  SURVEYING 

PART  I. 


Surveying  is  the  art  of  determining,  from  measurements  made 
upon  the  ground,  the  relative  positions  of  points  or  lines  upon  the 
surface  of  the  earth  and  of  keeping  records  of  such  measurements  in 
a  clear  and  intelligent  manner  so  that  a  picture  (called  plat)  may  be 
made  of  the  lines  or  areas  included  in  the  survey.  The  records 
should  be  systematically  arranged  so  that  any  person  with  a 
knowledge  of  surveying  can  use  the  notes  intelligently.  The  field 
operations  consist  essentially  of  locating  points,  measuring  lines 
and  angles,  measuring  areas  and  laying  out  and  dividing  up  areas. 
It  is  apparent  that  Arithmetic  and  Geometry  are  essential  to  the 
successful  application  of  the  principles  of  Surveying. 

The  subject  may  be  divided  into  two  parts:  Plane  Surveying 
and  Geodetic  Surveying. 

In  Plane  Surveying,  the  portion  of  the  earth  included  in  the 
survey  is  regarded  as  a  horizontal  plane;  in  other  words,  the  curva- 
ture of  the  earth's  surface  is  neglected.  In  the  ordinary  operations 
of  land  surveying  this  assumption  will  not  cause  appreciable  error 
as  the  lines  and  areas  dealt  with  are  of  a  limited  extent. 

As  Geodetic  Surveying,  on  the  other  hand,  deals  with  extensive 
Hues  and  vast  areas,  the  effect  of  the  curvature  of  the  earth's  sur- 
face  must  bo  taken  into  consideration. 

All  of  the  operations  of  surveying  must  proceed  from  the 
direct  to  the  indirect.  That  is  to  s.iy,  we  must  iirst  measure 
directly  certain  quantities  upon  the  ground  and  from  these  calcu- 
late certain  other  quantities  that  cannot  be  measured  directly.  It 
is,  therefore,  apparent  that  all  field  measurements  must  be  madr 
with  the  utmost  care,  consistent  with  the  nature  of  the  problem 
involved,  and  that  habitual  inaccuracy  and  slovenly  methods  of 
keeping  field  notes  must  be  avoided.  Full  details  accurately 
measured  and  carefully  and  systematically  recorded  should  be  the 
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Measurement  of  lines.  Probably  the  most  elementary  prob- 
lem that  presents  itself  is  to  measure  the  horizontal  distance  be- 
tween two  points  without  the  use  of  instruments. 

This  can  best  be  done  by  pacing,  provided  both  points  are 
accessible.  In  order  to  make  this  method  of  measurement  efficient, 
it  is  necessary  to  determine  as  accurately  as  possible  the  length  of 
one's  pace.  To  do  this,  lay  off  upon  firm,  level  ground  by  any 
convenient  method,  a  line  from  50  to  100  feet  in  length.  Pass 
over  this  line  from  end  to  end,  back  and  forth,  keeping  careful 
account  of  the  number  of  steps  taken  each  time  the  distance  is 
covered.  The  total  distance  traversed,  divided  by  the  total  number 
of  steps  will  give  the  average  length  of  one's  pace.  In  thus 
ascertaining  the  length  of  the  pace  do  not  attempt  to  cover  three 
feet  at  every  step.  It  is  better  to  adopt  a  natural,  swinging  gait. 
Having  thus  determined  the  length  of  one's  pace,  the  distance 
between  two  points  may  be  measured  approximately  by  walking 

in  a  straight  line  from  point  to  point 
^^_^_-—-      and  counting  the  number  of  steps, 
i  A^ — """"  This  number  multiplied  by  the  length 

?<^-.-J^_  of  step  will  give  the  length  of  line 

*"~~"~ — ^^^      required.     If  the  intervening  space 
F    between  the  points  cannot  bo  trav- 
ersed, as  for  instance  when  the  two 

points  are  on  opposite  sides  of  a  stream,  the  width  of  the  stream  may 
be  ascertained  approximately  by  station  in g  an  observer  on  rac.h 
side  and  noting  the  time  elapsing  between  the  Hash  of  a  pistol 
and  the  sound  of  the  report.  This  interval,  in  seconds,  multiplied 
by  1,090  (velocity  of  sound  in  feet  per  second)  will  jiivc  the  dis- 
tance in  feet.  Proper  allowance  must  be  made  for  direction  and 
intensity  of  wind  and  therefore  measurements  of  this  kind  had 
best  be  made  upon  a  quiet  day. 

Another  elementary  problem  frequently  met  with  is  an  follows: 
Eequired  to  determine  the  altitude  of  an  object  such  as  a  house  or 
a  tree,  without  the  use  of  an  instrument. 

To  solve  this  problem,  take  an  ordinary  lead  penc'il  and  hold 
it  in  a  vertical  position  about  two  feet  from  the  eye,  the  observer 
being  far  enough  from  the  object  for  the  visual  angle  intercepted 
by  the  pencil  to  lust  cover  the  obiect  from  trm  ^  Vmff™»i  in^ 
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observer  then  paces  the  distance  from  his  position  to  the  object. 
The  height  of  the  object  is  determined  as  follows  : 

Let  A,  Fig.  1,  represent  the  position  of  the  observer's  eye; 
BO  the  pencil  held  at  the  distance  AD  from  the  eye;  EF  the  object 
whose  height  is  to  be  ascertained.  AH  is  the  distance  from  the 
observer  to  the  object  and  is  to  be  paced.  Then  from  similar 
triangles  we  have 

BO  :  EF  :  :  AD  :  AH,  or  EF  =  B°  *  AH 

-tJL-LJ 

For  example,  suppose  the  pencil  is  seven  inches  long  and  is 
held  at  a  distance  of  two  feet  from  the  eye;  the  distance  from  the 
observer  to  the  object  being  85  feet.  Then  from  the  formula 


EF  =  -  ^  —  =  24.8  feet  nearly. 

In  this,  as  in  other  problems,  all  quantities  should  be  reduced  to 
the  same  units. 

The  examples  just  given  must  be  understood  as  illustrations 
merely  and  the  student  should  avoid  slipshod  methods  ;  under- 
standing that  his  best  efforts  will  be  needed  in  all  surveying  prob- 
lems, and  that  the  best  is  none  too  good. 

SURVEYING  WITH  INSTRUMENTS. 

Qunter's  Chain,  so  called  from  the  inventor,  is  well  adapted 
to  all  classes  of  problems  involving  the  calculation  of  areas  from 
lines  measured  in  the  field.  For  many  years  this  chain  has  been 
the  English  linear  unit  for  all  land  measurements.  It  should  be 
made  of  steel;  it  is  (>G  feet  or  4  rods  in  length  and  has  100  links, 
each  7.92  inches.  The  handles  are  litted  with  swivels  to  prevent 
the  chain  from  kinking,  and  at  every  tenth  link  from  either  end  is 
attached  a  brass  tag  with  1,  2,  3  or  4  prongs  to  assist  in  measuring. 
Thus  the  tag  of  four  prongs  indicates  40  links  from  one  end,  (See 
Fig.  2)  but  it  represents  60  links  from  the  other  end;  therefore 
care  must  be  exercised  in  measuring,  or  distances  may  be  measured 
from  the  wrong  end  of  the  chain.  The  50-link  mark  is  round 
in  form  so  that  it  may  be  easily  distinguished  from  the  other  tags- 


'1  ' 

1' 
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and  links;  it  is  written  thus:   15  chains  and  82  links  is   15.82 

chains. 

It  is  true  that  this  chain  is  rapidly  going  out  of  use,  yet  one 
should  be  thoroughly  acquainted  with  it,  because  many  of  the  land 
records  in  this  country  are  based  upon  it.  In  computing  areas, 
the  chain  has  the  advantage  that  square  chains  are  easily  reduced 
to  acres  by  simply  moving  the  decimal  point  one  place  to  the 


Fig.  2. 

left;  for  example,  a  chain  is  fifi  feet;  the  square  would  he  (>(>  x  W)  — 
4856  square  feet,  which  is  -^  of  an  acre.  A  rectimouliir  lot  hav- 
ing two  sides  of  0.32  and  2.15  chains  respectively  -  IM.r^SO 
square  chains  or  1.3588  acres. 

GUNTER'S  OR  LAND  MEASURE. 

7.92  inches 1  link 

100  links  or  6(>  feet  or  4  rods 1  chain 

10  square  chains  or  4  roods I  acre  -   -  4;$5()()  square  feet 

C40  acres 1  square  mile 

A  two-rod  or  half  chain  is  sometimes  used  instead  of  the  full 
Gunter's  chain.  Its  only  advantage  is  in  the  convenience  of  hand- 
ling a  shorter  chain  when  working  over  uneven  ground .  Formerly 
the  engineer's  chain  was  almost  universally  employed  in  making 
surveys  for  surface  canals,  sewers,  water-works  systems,  etc.  It 

differs  from  the  Gunter's  chain  in  that  is  100  feet  in  length  and  con- 

r*> 

tains  100  links,  each  of  which  is,  therefore,  1  foot  long. 

The  unit  of  linear  measure  in   the  United  States  is  the  foot. 
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In  measuring  lines,  a  chain  100  feet  long,  divided  into  100  links, 
is  now  in  use.  Distances  are  recorded  in,  feet;  decimals  of  a  foot 
being  used  when  possible.  In  cities  where  accurate  and  precise 
measurements  are  necessary,  various  kinds  of  tapes  are  used  having 
the  foot  divided  decimally. 

It  has  been  decided  both  by  custom  and  law  that  the  length  of 
the  boundary  lines  of  a  field  is  not  the  actual  distance  on  the  surface 
of  the  ground,  but  is  the  projection  of  that  distance  on  a  horizontal 
plane.  The  area  of  a  field  is  not  the  exposed  superficial  surface, 
but  as  above  stated,  the  projection  of  that  surface  on  a  horizontal 
plane.  For  this  reason,  in  all  land  surveying,  horizontal  dis- 
tances are  to  be  measured  and  from  these  the  areas  computed. 

The  Gunter's  chain,  as  well  as  the  engineer's  chain,  is  a  very 
inaccurate  device  for  measuring  distances  and  areas  unless  special 
precautions  are  taken  to  counteract  the  errors  to  which  it  is  liable. 
Some  of  these  errors  are  cumulative  and  some  compensating,  and  in 
what  follows  no  attempt  will  be  made  to  classify  them.  Some  of 
the  causes  of  errors  will  be  pointed  out  and  the  surveyor  should 
do  all  in  his  power  to  eliminate  them. 

The  chain  will  sag  between  supports  and  thus  the  distance 
measured  will  be  too  short.  This  is  sometimes  allowed  for  by 
making  the  chain  a  given  amount  longer  than  the  standard.  Again, 
the  chain  may  be  standard  under  a  certain  pull  and  temperature, 
and  for  very  precise  work  a  spring  balance  is  attached  to  one  end 
of  the  chain  to  register  the  pull.  A  thermometer  also  is  provided 
but  is  of  little  value  from  the  fact  that  the  temperature  of  the 
chain  may  vary  considerably  from  that  of  the  atmosphere.  Still 
further,  the  length  of  the  chain  is  likely  to  be  increased  from  the 
wear  of  the  links  and  connections.  Each  link  with  its  COMIK-C- 
tion  has  six  wearing  surfaces  so  that  if  each  surface  is  worn  aw,., 
but  ,10-  inch  the  chain  will  elongate  (>  inches.  The  rings  and 
loops  at  the  end  of  the  links  are  frequently  stretched  out  of  th.- 
true  form,  thus  elongating  the  chain;  or  the  links  may  become 
bent,  thus  shortening  the  chain.  In  pulling  the  chain  over  the 
ground  the  links  and  rings  have  a  tendency  to  collect  weeds,  mud, 
etc.,  and  thus  shorten  the  chain.  In  cold  weather,  ice  and  snow 
may  collect  in  the  joints  with  the  same  result.  In  using  the  chain, 
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the  chain.     For  these  reasons  the  chain  is  not  at  present  used  as 
much  as  formerly. 

The  Tape.     Tapes  are  made  of  various  materials  and  are  known 

as  linen,  metallic  and  steel. 

Linen  tapes,  from  the  nature  of  the  material,  are  likely  to  twist 
and  tangle  and  when  wet  are  easily  stretched;  for  these  reasons 
they  do  not  long  retain  their  standard  length.  They  are  used  only 
in  the  roughest  kind  of  work.  Metallic  tapes  have  a  linen  body 
with  threads  of  copper  or  brass  running  throughout  their  length. 
These  metallic  threads  prevent  twisting  and  tangling  and  in  a  gen- 
eral way  assist  in  preserving  the  standard  length  of  the  tape.  They 
are  better  than  linen  tapes  but  not  suitable  for  "good"  work. 

Steel  tapes  are  of  two  kinds,  "ribbon"  and  "band."  Ribbon 
tapes  are  made  of  thin  steel  about  f  inch  wide.  They  are  usually 
made  in  lengths  of  50  or  100  feet.  They  are  divided  into  feet, 
tenths  and  hundredths  of  a  foot,  the  divisions  being  etched  upon 
the  tape.  The  othersideof  the  tape  is  sometimes  divided  into  rods 
and  links  to  adapt  it  to  land  surveying,  and  it  is  either  wound  up 
into  a  leather  case  or  upon  a  reel. 

Ribbon  tapes  are  generally  used  when  considerable  accuracy 
in  measurements  is  required,  such  as  laying  out  foundations  for 
buildings,'  bridge  piers,  measuring  up  sewer  lines,  etc.  From  the 
nature  of  their  construction,  they  will  not  stand  much  wear  and 
tear,  and  are  therefore  not  adapted  to  the  rough  usimge  of  general 
field  work.  If  carried  in  the  case  or  reel,  on  account  of  the  sharp 
bend  at  the  center,  the  tape  will  soon  break  oil'  at  that  point. 
After  use  in  the  field,  the  tape  should  be  carefully  uiped  oil"  and 
oiled  if  necessary,  as  the  rust  will  obliterate  the  ordinations  and 
make  it  difficult  to  read.  In  using  the  ribbon  tape  in  the  field, 
care  must  be  exercised  to  prevent  twisting  and  kinking  or  catching 
under  sticks  or  stones,  as  a  slight  jerk  will  break  it.  ^ 

The  band  tape  is  best  adapted  to  general  field  work  and  to 
rough  usage.  It  is  made  of  heavy  steel  ahout  ,-',.  of  an  inch  wide 
and  100  feet  long,  divided  into  feet;  usually  the  lirst  and  last  foot 
are  divided  into  tenths.  The  one-foot  divisions  may  l>e  marked 
by  rivets,  although  the  rivets  tend  to  weaken  the  tape*.  They  are 
sometimes  marked  by  solder,  which  is  notched  at  the  proper  point 
and  stamped  with  the  number.  They  are  usually  fitted  with  lie/lit 
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detachable  handles  for  use  in  the  field,  but  these  are  easily  displaced 
or  often  lost  in  dragging  the  tape  over  stones  or  through  grass.  It 
is  better  to  fit  the  tape  with  leather  handles  large  enough  to  easily 
go  over  the  hand.  After  use,  the  band  tape  should  be  gathered 
up  in  loops  about  three  feet  long  and  tied  in  the  middle  forming  a 
figure  eight.  If  it  is  desirable  to  wind  the  tape  upon  a  reel,  there 
are  at  present  upon  the  market,  several  styles  of  reels,  stiff  in  eon- 

l  struction  and  convenient  to  carry. 

£  The  tape,  like  the  chain,  is  likely  to  change 

in  length  due  to  changes  of  temperatures,  and 
unless  the  proper  pull  is  applied  to  the  ends 
it  will  measure  short  of  the  standard.  Al- 
together it  is  more  accurate  than  the  chain  and 
of  late  years  has  largely  replaced  it  for  all 
kinds  of  field  work.  Indeed,  with  proper 
precautions,  it  has  been  found  possible  to 
obtain  nearly  as  accurate  results  as  with  the 
most  elaborate  apparatus  designed  for  meas- 
uring lines. 

Since  the  methods  of  using  the  chain  in 
the  field  are  the  same  as  for  using  the  tape  it 
will  be  sufficient  to  explain  the  methods  of 
using  the  latter.  The  Tape. 

In  connection  with  the  tape  there  should  be  provided  a  set  of 
eleven  marking  pins  from  13  to  IS  inches  in  length.  To  each  pin 
should  be  attached  a  piece  of  red  flannel  to  prevent  its  being  over- 
looked  in  the  grass.  There  should  also  be  provided  two  rods 
(Vailed  flags),  from  ()  to  8  feet  in  length  divided  into  foot  lengths 
and  painted  alternately  red  and  white.  These  rods  are  sometimes 
constructed  of  straight  white  pine,  but  |-incli  gas  pipe  fitted  with 
a  steel  shoe  is  better.  It  is  desirable  also,  to  provide  a  plumb-bob 
and  string,  and  a  hatchet. 

Use  of  the  Tape  or  Chain.  For  measuring  a  line  with  the 
tape,  two  men  are  required,  a  u leader"  and  fc*  follower,"  or  h?<ul 
and  reffj*  tapenien.  The  first  step  is  to  set  one  of  the  flags  at  the 
far  end  of  the  line  to  be  measured,  or  if  the  line  is  too  long,  only 
as  far  ahead  as  can  be  distinctly  seen.  It  is  best  to  mark  the 
beginning  of  a  line  with  a  stake  driven  as  closely  to  the  ground  as 
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circumstances  will  permit.  The  tape  Is  then  unrolled  or  unfolded 
in  the  direction  of  the  line,  the  100-foot  mark  going  ahead.  The 
leader  takes  the  pins  and  the  forward  end  of  the  tape  and  with  a 
flag  walks  off  in  the  direction  of  the  forward  end  of  the  line, 
dragging  the  tape  after  him.  When  nearly  one  hundred  feet  away 
the  follower  cries  "  down  "  and  the  leader  faces  the  follower  holding 
the  flag  vertically  to  be  signalled  into  line  by  the  follower.  The 
tape  is  then  stretched  and  straightened  and  a  pin  stuck  vertically 
into  the  ground  exactly  at  the  100-foot  mark.  The  leader  then 
picks  up  his  end  of  the  tape  and  starts  off  as  before,  the  process 
being  repeated  each  time,  except  that  the  follower  must  be  particular 
to  pick  up  each  pin  that  is  left  in  the  ground  by  the  leader. 

If  the  line  is  more  than  eleven  tapes  in    length,  after  the 
leader  has  stuck  his  last  pin  he  cries  "pins"  and  the  follower 
delivers  to  him  the  ten  pins  that  he  has  picked  up.     If  the  line  to 
be  measured  is  very  long,  some  method  should  be  adopted  for 
keeping  count  of  the  number  of  times  the  pins  have  been  exchanged. 
If  the  line  ends  with  less  than  the  length  of  a  tape,  the  lender  pulls 
out  the  tape  to  its  full  length,  not   sticking  u  pin,  however,  and 
then  walks  back  and  notes  the  distance  from  the  last  pin  to  the  end 
of  the  line.     This  distance  added  to  the  number  of   pins  held  |,v 
the  follower,  including  the  last  one  stuck,  will  give  Hie  distance 
from  the  point  at  which  the  pins   were  exchanged      For  instance, 
if  the  follower  has  six  pins  and  the  end  of  the  line  is  (>r>  feel  from 
the  last  pin,  the  entire  distance  from  the  point  of  exchange  of  pins 
is  005  feet.     It  must   be   remembered  that  eacli  exchange  of  pins 
counts  for  10  tape  lengths  or  1,000  feet. 

Chaining  on  Slopes.  One  of  the  most  important  uses  of  the 
chain  is  to  measure  accurately  distances  where  the  surface  of  the 
land  is  uneven  or  of  a  sloping  nature.  In  measuring  up  or  dou  n 
a  slope,  one  end  of  the  tape  is  raised  until  the  top  is  as  ne-irly  as 
possible  in  a  horizontal  plane.  If  the  slope  is  too  steep  to  permit 
of  one  end  of  a  full  tape  being  raised  enough  to  brino  the  tape 
horizontal,  the  tape  is  -broken,"  that  is  to  say,  only  11  ,7irt  of  the 
tape  is  used  at  each  measurement.  To  do  this  the  iape  should  be 
stretched  to  its  full  length,  the  leader  returning  to  such  a  point 
upon  the  tape  that  the  portion  between  himself  and  the  follower 
may  be  properly  leveled.  A  measurement  is  made  with  this  por- 
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tion,  the  operation  being  repeated  with  the  next  section  of  tape  and 
so  on  until  the  entire  tape  has  been  used.  Care  should  be  taken 
not  to  confuse  the  pins.  The  high  end  of  the  tape  may  be  trans- 
ferred in  any  one  of  several  ways,  depending  upon  the  degree  of 
accuracy  required.  For  great  accuracy,  a  plumb-bob  should  be 
used  but  it  should  not  be  dropped  and  the  pin  placed  in  the  hole 
made.  It  should  be  placed  about  where  the  bob  will  drop  and  the 
grass  should  be  tramped  down  and  the  ground  smoothed.  The 
bob  should  then  be  lowered  carefully  until  it  almost  touches  the 
ground  and  allowed  to  come  to  rest.  Then  lower  it  until  it  reaches 
the  ground  when  the  pin  should  be  stuck  in  the  ground  slantwise 
across  the  line  exactly  at  the  point  of  the  bob.  If  less  accuracy  is 
permissible,  it  may  be  sufficient  to  drop  the  pin,  ring  end  down 
and  note  where  it  strikes  the  ground,  or  a  pebble  may  be  dropped 
in  the  same  way.  In  measuring  uphill,  the  follower  must  hold  the 
bob  directly  over  the  pin  in  the  ground  while  he  aligns  the 
leader  and  sees  that  he  sticks  the  pin  while  the  bob  is  directly 
over  the  point  in  the  ground.  It  is  much  easier  to  measure  down 
than  up  hill  so  that  when  close  measurements  are  required  on 
slopes,  the  measurement  should,  if  possible,  be  made  down  hill. 
Even  under  the  most  favorable  conditions  measuring  lines  with  a 
tape  is  a  mobt  difficult  operation  for  experts,  and  beginners  cannot 
expect  to  attain  efficiency  except  by  constant  practice  and  careful 
attention  to  every  detail  that  will  tend  to  eliminate  error.  For  the 
method  of  clminintr  up  and  down  hill,  see  Fitr.  8. 

Let  it  bo  required  to  find  the  distance  AM,  at  which  points 
two  hubs  have,  been  established.  Let  A  JJ  C1  1)  E  F,  etc.,  he  the 
points  of  the  successive  chaining  and  tthrtl^  etc.,  the  horizontal 
planes.  Starting  from  the  point  A;  suppose  the  surface  between 
A  and  J>  to  be  of  no  <n vat  difference  in  elevation,  therefore,  the  full 
length  of  the  chain  can  be  used  between  these  two  points.  The 
head  chain  man  <roes  to  the  point  B,  and  holds  the  head  end  of  the 
chain  on  the  ground,  \\hile  the  rear  chainman  holds  the  zero  end 
at  A  and  with  aid  of  the  plumb-bob  '-plumbs  down,"  thus  chain - 

in<r   the   distance   horizontal.     This   distance   measured,  the  head 

F-I 

chainman  establishes   a  peg  in  the  ground  and  calls  out  the  dis- 

rmp    Hmn    crona    to  O.  which   must 
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veniently  plumb  down  to  B.  In  this  case  the  slope  of  the  hill  is 
greater  than  that  between  A  and  B,  thus  the  impracticability  of 
using  the  full  length  of  the  chain  is  apparent.  This  distance, 
therefore,  is  taken  at  a  fractional  part  of  the  chain,  as  before  stated, 
called  "breaking  the  chain.53  The  distances  at  such  breaks  should 
always  be  taken  at  an  even  number  of  feet  whenever  possible  and 
at  distances  that  are  easily  remembered,  as  10,  20,  25,  50  feet,  etc. 
The  leader  in  every  instance  calls  out  the  distance  of  such  "breaks" 
and  the  rear  chainman  goes  to  the  next  peg  and  holds  off  the  num- 
ber of  feet  previously  called  out.  Now  as  the  distance  A  B  is  100 
feet  and  the  distance  B  0  40  feet,  the  head  chainman  at  0  calls 
out  "1  plus  40,"  meaning  140  feet  from  A.  He  next  goes  to  D  and 
the  rear  chainman  calls  out  the  distance  measured  "1  plus  40"  and 
holds  off  40  feet  at  5,  and  plumbs  down  to  C.  In  this  case  the 
leader  also  plumbs  down  from  c  to  D.  This  method  is  continued 


until  M  is  reached,  using  the  system  of  1,  2,  3,  J-,  etc.,  plus  the 
fractional  measured  distance,  instead  of  usiiifjr  the  whole  number, 
as  125,  225,  etc.  The  rear  chainman  should  gather  the  pins  after 
a  new  point  has  been  established.  As  already  stated  tlio  chain  imjr 
can  be  checkexi  by  counting  the  pins  picked  up.  Alwa\s  allow 
the  last  pin  to  remain  in  the  ground  until  ahsolutely  certain  it  is 
no  longer  desired  and  can  be  of  no  further  service.  It  is  im- 
portant that  the  distances  should  be  cheeked  by  both  cliaimnrn  as  it 
may  prevent  serious  mistakes,  and  in  some  cases  prevent  rechaini  no; 
the  entire  distance.  Distances  in  places  where  angles  are  taken 
are  sometimes  checked  in  the  office  by  Trigonometry. 

A  few  hints  in  regard  to  the  use  of  the  tape  may  not  come 
amiss. 

Always  measure  to  and  from  the  same  side  of  a  pin. 

Hold  the  end  of  the  tape  as  near  the  ground  as  possible. 

Before  sticking  the  pin,  be  sure  there  are  no  kinks  in  the  tape 


PLANE  SUKVEYING-  13 

and  that  the  tape  is  not  deflected  to  one  side  by  grass,  sticks  or 
stones. 

Never  straighten  the  tape  with  a  jerk;  raise  it  clear  of  the 
ground  and  straighten  and  stretch  with  a  steady  pull  and  lower 
steadily  into  place. 

The  tape  man  should  never  brace  himself  against  a  pin;  he 
should  assume  a  position  of  stable  equilibrium,  preferably  with  one 
hand  upon  the  ground. 

In  passing  over  uneven  ground,  every  reasonable  effort  should 
be  made  to  hold  the  tape  level.  Too  much  time  should  not  be 
spent  in  attempting  to  hold  the  end  of  the  tape  exactly  over  the 
point  in  the  ground  when  the  difference  of  level  of  the  ends  of  the 
tape  is  sufficient  to  neutralize  what  would  otherwise  be  considered 
an  accurate  measurement. 

In  passing  over  rough  ground  the  tape  should  be  carried  free 
from  the  ground,  thus  saving  it  unnecessary  wear.  The  length  of 
the  tape  is  likely  to  vary  from  time  to  time,  from  changes  in  tem- 
perature, from  constant  stretching  and  from  accident  in  the  field 
For  this  reason  the  surveyor  should  compare  frequently  the  lengths 
of  his  tapes  with  -that  of  a  standard.  The  length  of  the  standard 
tape  may  sometimes  be  conveniently  laid  off  upon  the  floor  of  a 
building,  or  two  monuments  may  be  set  in  the  ground,  the  proper 
distance  between  them  being  measured  either  by  a  standardized 
tape  or  by  means  of  wooden  rods.  Having  found  the  error  in  the 
length  of  the  tape  the  necessary  corrections  cjin  then  be  made.  If 
ii  line  has  been  measured  upon  the  ground,  and  it  is  afterwards 
found  that  the  length  of  the  tape  is  in  error,  the  true  length  of 
the  line  may  be  found  from  the  following  proportion:  the  true 
length  of  the  tape  is  to  the  length  of  the  standard  tape,  as  the  true 
length  of  the  line  is  to  the  length  of  the  line  as  measured. 

Suppose  a  line  as  measured,  is  found  to  be  023  feet  in  length 
and  it  is  afterwards  found  that  the  tape  is  too  long,  by  six  inches. 
Then  we  have:     100.5  :  100  ::  a?  :  625 
from  which  rr  =  true  length  of  line  =  628J  feet. 

EXAMPLES  FOR  PRACTICE. 

1.     A  line  as   measured  with  a  certain    tape  is   580  feet  in 
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2.  A  line  is  known  to  be  840  feet  in  length,  but  when  meas- 
ured with  a  certain  tape  is  found  to  be  842-|  feet  in  length.  Deter- 
mine the  true  length  of  the  tape. 

Ans.  99.7  feet. 

/3.  A  certain  field  was  measured  with  a  Gunter's  chain  and 
found  to  contain  625  acres.  It  was  afterwards  found  that  the  chain 
was  J  foot  too  long.  Determine  the  true  area  of  the  field. 

Ans.  629.74  acres. 

If  an  area  has  been  measured  with  a  certain  tape  that  is  after- 
wards  found  to  be  in  error,  the  corrected  area  may  be  found  by  the 
following  proportion:  The  square  of  the  true  length  of  the  tape  is 
to  the  square  of  the  length  of  the  standard  tape  as  the  true  area  is 
to  the  measured  area. 

Examples  will  now  be  given  illustrating  the  use  of  the  chain 
or  tape,  in  the  field. 

1.  To  erect  a  perpendicular  at  a  given  point  'hi  a  line. 
Let  AB  Fig.  4  be  the  given  line  and  C  the  point  in  the   line  at 

which  it  is  desired  to  erect  a  perpen- 
dicular. Since  a  triangle  formed  of 
the  sides  3,  4  and  5  (or  any  multiple  of 
these)  will  contain  a  right  triangle,  take 
parts  of  the  chain  or  hipe  representing 
these  distances  or  multiples  and  ha\e 

B    the  angle  included  between  the  shorter 

^  sides  at  V.     Therefore,  fasten   one  end 

g'4'  of  the  tape  or  chain  at   1C,  .'JO  links  or 

feet  from  C  and  the  With   link  or  foot 

at  C.  Then  with  the  50-foot  mark  in  one  hand,  walk  away  from  Itt1 
until  both  of  the  segments  DK  and  DC  are  taut.  Stick  a  pin  or 
stake  at  D  and  DC  will  be  the  perpendicular  required.  If  the 
perpendicular  should  be  longer  than  can  be  laid  out  \\ith  the  tnpe 
or  chain,  lay  out  CD  as  described  and  align  a  "flag"  from  ( 1  to  D 
produced. 

2.  To  let  fall  a  perpendicular  to<t  yhrn.  line  from  <r  ////v-y/ 
point  outside  the  line,     (a)  When  the  point  is  accessible: 

Let  AB  Fig.  5  be  a  given  line  and  C  a  point.  From  C  as  a 
center,  with  any  convenient  length  of  tape  or  chain  as  a  radius, 
describe  the  arc  DE,  cutting  the  given  line  at  points  D  and  E! 
Stick  pins  at  D  and  E  and  measure  the  distance.  Bisect  this  dis- 
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tance  at  F;  their  OF  will  be  the  perpendicular  required.  If  the 
line  AB  is  too  far  from  0  to  be  reached  with  the  chain  or  tape,  it 
will  be  necessary  to  range  out  a  line  conveniently  near  to  C  which 
shall  be  parallel  to  AB.  To  do  this  erect  at  any  convenient  point 
on  AB,  as  at  N,  Fig.  6,  the  perpendicular,  and  prolong  it  as  far  as 
necessary,  as  K.  At  R,  erect  US  perpendicular  to  RN.  Then  the 
perpendicular  let  fall  from  0  upon  US  and  prolonged  to  AB  will 
be  perpendicular  to  AB. 


N 


-B 


Fig.  6. 


Fig.  6. 


(b)     "When  the  point  is  inaccessible:  Let  AB,  Fig.  7,  be  the 
given  line  and  0  the  inaccessible  point  from  which  it  is  desired  to 
drop  the  perpendicular   to  the 
line    AB.     At   any   convenient 
point   F    in  AB  erect  the  per- 
pendicular  FD  and  extend  FD 
to  E,  so  that  FK    :FD.     Locate 
the  point  B  so  that  B,  D  and  0 
will  be  in  the  same  straight  line. 
Siu-lit  from  K  to  (J  and  tind  the 

c"> 

point  II  in  which  this  visual  line 

crosses  AB.    Next  find  the  point 

G  at  the  intersections  of  DII  and 

1>E  prolonged.     Sight  from  G  to 

C  and  the  point  M  in  which  this 

visual  line  crosses  AB  will  be  the 

point  required  and  the  distance 

MG  will  equal  MO.    MC  will  be  Fig.  7. 

the  perpendicular  to  AB  at  M. 

3.     Through  a  given  point  to  run   a    line  that  shall  be 
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From  point  C  let  fall  CD  perpendicular  to  AB.     At  C  erect  OP 
perpendicular  to  CD;  then  EF  will  be  the  parallel  required. 

4.  To  prolong  a  line  beyond  an  obstacle.  Let  AB,  Fig.  9 
be  the  given  line  which  is  intercepted  by  a  tree,  house  or  other  ob- 
stacle. It  is  required  to  locate  the  line  CD  which  will  be  in  the 
direction  of  AB  produced.  At  B  erect  BE  perpendicular  to  AB 
of  sufficient  length  to  clear  the  obstacle  and  at  E  erect  EF  perpen- 
dicular to  EB  prolonging  EF  beyond  the  obstacle.  At  F  and  C 
erect  perpendiculars  to  EF  and  CF  making  OF  equal  in  length  to 
BE,  then  CD  will  be  the  line  required  and  the  distance  from  A  to 
D  will  equal  AB  plus  EF  plus  CD. 


Inn 


Fig.  8.  Fig.  9. 

5.  When  both  ends  of  a  line  are  a<',rcw!bl<>,  hut  tin 
cannot  be  measured  directly,  on  account  of  <>bxta<-l<  ,v. 

At  each  end  of  the  line  erect  perpendiculars  of  eijiial  lei 
sufficient  to  clear  the  obstacles,  and  measure  tho  lenu-fh  of  tho 
between  the  extremities  of  these  perpendiculars. 

6.  When  both  ends  of  a  Une  an  awMibl* ,  hut  //,  ///„  /• 
be  seen  from  the  other,  thus  preventing  (t!r«'t  ulnjnnn  ///. 

Such  a  case  occurs  when  it  is  desired  to  run  a  linn  across  a 
wooded  field,  the  trees  and  un- 
derbrush preventing  the  align  -    A- 
ment  of  the  intermediate  sta- 
tions.    Let  AB  Fig.  10  be  the 
line  whose  length  is  desired. 
From  A  run  a  line  AB'  (called 
a  random  line)  in  any  conven- 
ient direction  and  continue  it  till  the  point  U  can  be  seen  from  B' 
At  B'  erect  the  perpendicular  BB'  to  Ali'  and  measure  \\\V     Then 
from  tiie  right-angled  triangle  ABB'  we  will  have 


10. 
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The  distance  from  A  to  any  intermediate  station  as  0  can  be 
found  by  measuring  the  length  of  the  perpendicular  CO'  to  AB' 
From  similar  triangles  we  have 

AC  :CC's:AB  :  BB' 
CO'XAB 


or  A0  =  - 


BB' 


7.     To  locate  points  in  a  Une  over  a  hill,  loth  ends  of 
which  are  visible  from  points  near  the  summit. 


Fig.  11. 

Set  a  flag  at  each  of  the  points  A  and  B  Fig.  11.     One  man 
then  goes  to  D,  as  closely  in  line  with  A  and  B  as  can  be  esti- 
mated,    lie  then  signals  a  man  at  G  in  line  with  A.     C  then 
signals  D  to  D'  in  line  with 
B.     D'  signals  C   to  C'  in 
line  with  A  and  so  on  alter- 
nately until  tho  points  C"and 
D"  are  reached  in  line  with 
A  and  B. 

If  the  points  A  and  B  can- 
not be  seen  from  the  top  of 
the  hill,  run  a  random  line 
over  the  hill  as  described  in 

•p'  -1  O 

problem  6  and  offset  to  the 
true  line. 

8.     To  locate  points  in  a  line  across  a  wide,  deep  valley, 
the  extremities  of  the  line  being  visible  from  each  other. 
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to  B  the  intermediate  points  D,  E,  F  and  0  can  be  put  into  line. 

1.  The  Field  Work  of  Measuring  Areas.      Let  us    con- 
sider the  triangular  fold  ABO,  Fig.  13.      Beginning  at  any 
convenient  corner  as  A,  measure  from  A  to  B,  then  from  B  to  0, 
and  finally  from  C  to  the  point  of  beginning.     Should  a  stream 
cut  across  the  field  as  shown,  measurements  should  be  made  from 
the  corners  to  the  points  where  stream  crosses  the  boundary  lines. 

Should  it  be  found  impossible  to  measure  the 
sides  of  the  field  directly,  owing  to  zigzag 
fences  or  other  obstacles,  offset  parallel  lines 
as  in  the  figure  and  measure  the  length  be- 
tween such  parallels. 

The  area  of  the  figure  may  be  found  from 
the  following  rule:  From  one-half  the  sum  of 
the  three  sides,  subtract  each  side  separately. 
Multiply  together  the  half  sum  and  the  three 
remainders  and  extract  the  square  root  of  the 
product.  This  rule  is  explained  in  Art.  198  of  Elementary  Alge- 
bra and  Mensuration. 

If  the  lengths  of  the  sides  are  given  in  chains,  the  ami  will 
be  given  in  square  chains.  If  the  lengths  of  the  sides  arc  in  feet, 
the  result  will  be  in  square  feet. 

2.  To  survey  a  four-sided  field  with   tJte  t«j)c  or  cJtfdn. 
Measure  around   the  field   in  the  same   way  as    before,    hut  in 
addition,  it  will  be  necessary  to  measures  tie- 
line  between  two  opposite  corners,  thus  dividing 

the  figure  into  two  triangles,  the  sum  of  whoso 
areas  will  give  the  area  of  the  entire  figure. 
Such  a  tie-line  is  shown  in  Fig.  14  by  the  dotted 
line  DB.  If  neither  of  the  diagonals  J)I>  nor 
AC  can  be  conveniently  measured,  measure  the 
short  tie-line LS  for  instance,  and  tlie  distances 
CS  and  CL.  Then  in  the  triangle  L(  'S  the 
three  sides  are  given,  from  which  to  find  the 
angle  LCS.  Having  this  angle,  we  can  calcu- 
late the  length  of  DB  and  therefore  the  area  of  the  two  triangles 
composing  the  field. 

If  it  is  not  convenient  to  measure  the  tie-linfts  i™iHA  tV»ft  fi«!H 
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two  adjacent  sides  as  BA  and  DA  can  be  prolonged  to  M  and  N 
forming  the  tie-line  MN.  It  will  usually  be  found  more  convenient 
to  lay  off  OS  equal  to  OL,  thus  forming  an  isosceles  triangle,, 

3.  To  survey  a  five-sided  field  with  the  tape  or  cTiam.  In 
this  case  two  diagonals  as  EB  and  BD3  Fig.  15,  or  two  tie-lines  as 
es  and  inn  must  be  measured  in  addition  to  the  lengths  of  the 
sides.  Whatever  the  number  of  sides,  a  sufficient  number  of 
diagonals  or  tie-lines  should  be  measured  to  divide  the  area  into 
triangles  from  which  the  area  of  the  entire  field  may  be  calculated. 
If  1ST  represents  the  number  of  sides  of  a  field,  there  will  be 
required  1ST-3  diagonals  or  tie- lines,  form- 
ing N-2  triangles. 

To  simplify  calculations  when  tie  Jines 
are  used  in  place  of  the  long  diagonals, 
the  following  method  may  be  adopted: 

Measure  off  Km  any  fractional  por- 
tion of  AE,  and  An  the  same  fractional 
portion  of  AB  and  measure  inn.  Then 
-in 71  will  be  to  EB  as  Am  is  to  AE  or  as  An 
is  to  AB.  Suppose  for  example  that  Am 
is  -J.J.  of  AE  and  AM  is  Jg-  of  AB.  There-  pig.  15. 

fore  EB  is  10  times  the  length  of  mn* 

EXAMPLES  FOR  PRACTICE. 

1.  Given  the  three  sides  of  a  field  as  5.25,  6.50  and  4.00 
chains.     Find  the  area  of  the  field  in  acres,  and  square  rods. 

Ans.  1  acre,  31.40  square  rods. 

2.  Given  01!=:{.r>5  chains,  CD— 2.85  chains,  C*=CV=0.30 
chains  and  r.v=0.(>5  chains.*     Calculate  the  area  of  the  triangle 
BCD.  AIH.  r>.14  sijimre  chains  area. 

Off-sets  and  Tie=Hnes.  To  find  the  area  of  a  field  which  is 
bounded  in  part  by  a  stream,  it  is  necessary  to  use  off-sets,  as 
follows:  Measure  the  sides  of  the  field  in  the  usual  manner  and  for 
the  irregular  boundary  run  a  straight  line,  as  ED,  Fig.  16,  and 
calculate  the  area  of  the  field  included  between  these  boundary  lines. 
To  this  area  must  be  added  the  area  included  between  the  line  ED 
and  the  irregular  boundary. 
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To  find  this  area,  at  points  along  ED,  erect  perpendiculars 
the  irregular  shore  line  at  such  distances  that  the  lines  1'  2',  2'  I 
etc.,  may  be  considered  straight.     The  desired  area  will  evidentlj 
equal  the  sum  of  the  areas  of  the  trapezoids  thus  formed.     Thel 
distance  from  E  to  any  point  1,  2  or  3  on  ED  is  called  the  absciss<%\ 
of  that  point  and  the  perpendicular  distances  from  ED  to  1'  2'  3'* 
etc.,  are  called  the  ordmates  of  the  point. 


Pig.  16. 

Instead  of  summing  the  trapezoid  as  above,  the  desired  araa 
may  be  found  by  the  following  rule:  Multiply  the  difference 
between  each  ordinate  and  the  second  succeeding  one  by  the 
abscissa  of  the  intervening  ordinate.  Multiply  also  the  sum  of  tlio 
last  two  ordinates  by  the  last  abscissa;  one-half  of  the  aljjvbraic 
sum  of  these  several  products  will  be  the  area  required. 

To  find  the  area  of  an  inaccessible  swamp,  a  lake  or  other 
area,  run  a  series  of  straight  lines  entirely  end  OH  ing  the  given 
area,  and  since  the  diagonals  cannot  be  measured,  measure  tie-lines 
either  inside  or  outside  of  the  area.  As  already  stated,  calculate 
the  area  included  between  the  straight  boundary  lines  and  from 


this  area  Rnhflt,rfl,f»t  fhft 
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points  upon  these  boundary  lines.  Reference  to  Fig.  17  will  make 
the  method  of  procedure  plain.  Surround  the  inaccessible  area 
by  straight  lines,  AB,  BO,  CD,  etc.,  and  calculate  the  enclosed 
area.  At  proper  intervals  along 
these  straight  lines,  erect  and 
measure  perpendiculars  ex- 
tending to  the  edge  of  the  inac- 
cessible area.  Compute  the  area 
between  these  perpendiculars 
by  the  rule  on  page  20  and  for 
the  required  area,  subtract  it 
from  the  area  previously  found. 
Since  the  long  diagonals  are  not 
accessible,  measure  the  area  by 
measuring  the  interior  tie-lines ; 
remembering  that  the  required 
number  of  tie-lines  will  be  less 
by  3  than  the  number  of  sides 
enclosing  the  area. 

Example.     Given    the    dis- 
tances   measured    along   the  rig.  if. 
straight  line  AI5(Fio;.  IS)  with  the  corresponding  off-sets  measured 
to  the  broken  line   A(1DE.       It  is  required   to  compute  the  area 
between  AB  and  the  broken  line  ACDE. 


Difference  of  1st  and  3rd 
"  2nd  "  4th 
"  3rd  "  5th 
"  4th  "  6th 


—  (.)'  —  ,">«">'=—  ,">,"/  otx*. 
=40'-  -33'=+  5' 
—53'—  IS1—  +37' 
=35'—  40'=—  5' 
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Abscissae!  intermediate ordinates  between  1st  and  3rd=  40' X— -55'=-2200 
«        «  «  "  «        2nd  "     4th=  90' X+  5'=    450 

«        «  «  "     ,          "        3rd    "     5th=132'X+37'=  4884 

«        «  «  "  "        4th    «     6th=172'X — 5'=-  860 

«        "  «  «  "        5th    "     7th=217'X— 42'=-9114 

«        "  last  ordinate  =  267' XlOO'~26700 

One-half  the  algebraic  sum  of  the  products  as  given  above 
will  give  the  required  area. 

.             32034  —  12174       QQQn 
Area  = ~ =  9930  square  feet. 

EXAHPLE  FOR  PRACTICE. 

1.  Giten  the  distances  measured  along  the  straight  line  AB 
Fig.  A  with  the  corresponding  off-sets  measured  to  the  broken  line 
ACDEFB,  to  find  the  area  between  AB  and  the  broken  line 
ACDEFB.  Check  the  result  by  calculating  the  areas  of  the 
trapezoids  and  triangles  of  the  figure.  Ans.  11,875  square  feet. 


Fig.  A. 


Keeping  the  Field  Notes.  In  keeping  field  notes,  clciirnrsH 
and  fullness  should  be  constantly  kopt  in  mind.  As  field  notes 
often  pass  into  the  hands  of  a  second  party,  they  should  admit  of 
but  one  interpretation  to  a  person  at  all  acquainted  with  the  nature 
of  the  work.  Extra  time  spent  in  the  field  in  acquiring  data  will 
avoid  confusion  and  vexations  delays  when  the  notes  air  worked 
up  in  the  office.  Avoid  the  habit  of  keeping  notes  upon  senips  of 
paper  or  in  vest-pocket  note  books.  Provide  note  books  espeeiallv 
adapted  to  the  keeping  of  field  records  and  number  and  index  them 
so  that  the  contents  may  be  understood  at  a  glance.  Keniember 
that  sketches  made  upon  the  ground  aid  materially  in  interpreting 
field  notes  that  otherwise  might  be  unintelligible. 

PrinciPal  methods  of  keeping  field  notes;  first, 
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765' 


E 
1040' 

400' 
330' 

-B- 

500' 


supplemented  by  sketches.  The  third  method  is  without  doubt 
the  best,  but  examples  of  the  others  will  be  given.  For  keeping 
the  notes  of  the  chain  survey  there  should  be  provided  what  is 
known  as  a  field  book,  a  pencil  (preferably  4H),  rubber  eraser  and 
and  a  short  rule  for  drawing  straight  lines. 

First^  by  Sketches  Alone.  Either  page  of  the  note  book  may  be 
used  for  sketching  but  it  will  be  more  convenient  to  use  the  right- 
hand  page,  as  it  is  ruled  into  squares,  thus  permitting  sketching  to 
scale.    Always  sketch  in 
the  direction  of  the  sur- 
vey,   beginning  at    the 
bottom  of  the  page  and 
making  the  center  line 
of  the  page  correspond 
approximately  with   the 
North  and  South  lines. 

Second,  ly  Notes 
Alone.  Use  the  left- 
hand  page  of  the  note 
book  beginning  at  the 
bottom  as  before.  Do 
not  crowd  the  notes,  and 
if  necessary  use  two  or 
more  pages.  See  Fig.  W. 

Fig.  19  shows  the 
method  of  keeping  tlio 
notes  of  the  survey  Fig.  19. 

shown  in  Fig.  20. 

77//W,  hi/  Note*  and  tikt'tcht'S.  It  is  apparent  that  in  this 
method  both  the  first  and  second  methods  are  embodied  in  the  notes. 

THE  VERNIER. 

The  vernier  is  an  auxiliary  scale  for  measuring  with  greater 
precision  the  spaces  into  which  the  principal  scale  is  divided.  The 
smallest  reading  of  the  vernier,  or  the  least  count,  is  the  difference 
in  length  between  one  division  on  the  main  scale  and  one  on  the 
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Abscissa  of  intermediate  ordinates  between  1st  and  3rd=  40' X — 55'=-2200 
"        "  "  "  "        2nd  "     4th=  9CKX+  5'=    450 

"        "  "  "     -          "        3rd    «     5th=132'X+37'=  4884 

4th   «     6th=172'X — 5'=-  860 

"        "  "  «  "        5th    «     7th=217'X— 42'=-9114 

"  last  ordinate  =  267' XlOO'^26700 

One-half  tlie  algebraic  sum  of  the  products  as  given  above 
will  give  the  required  area. 

32034  —  12174       ^non 
Area  = ^ =  9930  square  feet. 

EXAflPLE  FOR  PRACTICE. 

1.  Given  the  distances  measured  along  the  straight  line  AB 
Fig.  A  with  the  corresponding  off -sets  measured  to  the  broken  line 
ACDEFB,  to  find  the  area  between  AB  and  the  broken  line 
ACDEFB.  Check  the  result  by  calculating  the  areas  of  tiio 
trapezoids  and  triangles  of  the  figure.  Ans.  11,875  square  feet. 


D      40f 


60' 


45' 


35' 


Fig.    A. 


Keeping  the  Field  Notes.  In  lumping  fi(^l  notes,  <-I(^nn^H 
and  fullness  should  be  constantly  kept  in  mind.  As  fi<>]<|  notes 
often  pass  into  the  hands  of  a  second  party,  they  should  admit  of 
but  one  interpretation  to  a  person  at  all  acquainted  uith  the  nature 
of  the  work.  Extra  time  spent  in  the  field  in  acquiring  dnta  \\\\\ 
avoid  confusion  and  vexatious  delays  when  the  notes  are  worked 
up  in  the  office.  Avoid  the  habit  of  keeping  notes  upon  scraps  of 
paper  or  in  vest-pocket  note  books.  Provide  note  books  especial  1\ 
adapted  to  the  keeping  of  field  records  and  number  and  index  them 
so  that  the  contents  may  be  understood  at  a  glance.  Remember 
that  sketches  made  upon  the  ground  aid  materially  in  interpreting 
field  notes  that  otherwise  might  be  unintelligible/  ^ 

There  are  three  principal  methods  of  keeping  field  notes;  first 
by  sketches  alone;  second,  by  notes  alone;  and  third  by  full  notes 
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765' 


4001 
330' 

-8- 

500' 


supplemented  by  sketches.  The  third  method  is  without  doubt 
the  best,  but  examples  of  the  others  will  be  given.  For  keeping 
the  notes  of  the  chain  survey  there  should  be  provided  what  is 
known  as  a  field  book,  a  pencil  (preferably  4H),  rubber  eraser  and 
and  a  short  rule  for  drawing  straight  lines. 

first*  ~by  Sketches  Alone.  Either  page  of  the  note  book  may  be 
used  for  sketching  but  it  will  be  more  convenient  to  use  the  right- 
hand  page,  as  it  is  ruled  into  squares,  thus  permitting  sketching  to 
scale.    Always  sketch  in 
the  direction  of  the  sur-  .,- 

vey,  beginning  at  the 
bottom  of  the  page  and 
making  the  center  line 
of  the  page  correspond 
approximately  with  the 
North  and  South  lines. 

Second^  l)\j  Notes 
Alone.  Use  the  left- 
hand  page  of  the  note 
book  beginning  at  the 
bottom  as  before.  Do 
not  crowd  the  notes,  and 
if  necessary  use  two  or 
more  pages.  See  Fig.  10. 

Fig.  19  shows  the 
method  of  keeping  the 
notes  of  the  survey  Fig.  19. 

shown  in  Fig.  20. 

yy/m/,  hi/  AToti'K  and  tikt'tchvs.  It  is  apparent  that  in  this 
method  both  the  first  and  second  methods  are  emhodied  in  the  notes. 

THE  VERNIER. 

Tho  vernier  is  an  auxiliary  scale  for  measuring  with  greater 
precision  the  spaces  into  which  the  principal  scale  is  divided.  The 
smallest  reading  of  the  vernier,  or  the  least  count,  is  the  difference 
in  length  between  one  division  on  the  main  scale  and  one  on  the 
vernier. 

A  vernier  is  said  to  be  direct  when  the  divisions  on  the 
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vernier  are  smaller  than  those  on  the  main  scale  Fig.  21  A;  retro- 
grade, when  the  divisons  on  the  vernier  are  greater  than  those  on 
the  main  scale.  See  Fig.  21B. 

In  Fig.  22  let  MM 
represent  a  scale  divided 
into  tenths;,  then  since 
ten  spaces  on  the  vernier 
VV  are  equal  to  nine 
spaces  upon  the  scale,  it 
is  evident  that  each  space 
upon  Y  V  is  short  by  one- 
tenth  of  a  space  of  MM. 
The  least  count  is  there- 
fore, y1^  of  T^j-  or  y^-g-. 

The  vernier  and  slow 
motion  screw  of  the  ver- 
tical arc  of  the  engi- 
neer's transit  are  attach- 
ed to  the  left  hand 
standard  of  the  instru- 
ment. 

Fig.  23  represents  a 
vernier  as  applied  to  an 
engineer's  transit.  It 
will  be  noticed  that  the 
main  scale  is  divided  so 
as  to  read  directly  to  80  minutes.  The  vernier  is  so  divided  thai 
20  spaces  upon  the  main  scale  eipial  'M  spaces  upon  the  vernier, 
therefore  the  least  count  of  the  vernier  is  J{}  of  IJO  minutes  or 

1  minute. 

A 


Fig.  21. 

It  will  be  apparent,  therefore,   that   the   readings   are   taken 
in  tVm  rlirpftinn  of   fh«    inr*r*»HRincr   OTflflnat.ions    of    tlm  main 
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has  passed  the  156th  space  on  the  main  scale,  and  is  near  the  30 
minute  (half  degree)  division  5,  therefore  the  coinciding  lines  of 
the  vernier  and  main  scale  must  be  between  0  and  30',  and  we 
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find  them,  by  looking  along  the  scale  of  the  vernier,  at  17  minutes 
hence,  the  reading  is  156°  00' +  17'=  156°  IT. 


\50 


Fig.  23. 


Fig.  24-  represents  another  method  of  division  of  the  circle  of 
the  transit.  The  vernier  is  double,  and  the  figures  on  the  vernier 
are  inclined  in  the  same  direction  as  the  figures  on  the  scale  to 
which  they  belong. 


Kitf.  24. 

It  will  bo  noticed  that  the  main  scale  reads  directly  to  20 
minutes  and  that  the  vernier  is  so  divided  that  3D  spaces  upon  the 
scale  correspond  to  40  spaces  upon  the  vernier.  The  least  count 
of  the  vernier  is  therefore  -fo  of  20  minutes  or  |{j-  of  1  minute 
equals  30  seconds. 


26  PLANE  SDEVETING 

vernier  is  beyond  the  138°  mark  and  about  half  way  between  th< 
first  and  second  20'  divisions.  The  reading  so  far  is  then  138°  20' 
Now  look  along  the  vernier  to  the  right  until  a  line  upon  the  ver 
nier  is  found  that  seems  to  be  a  prolongation  of  a  line  upon  th< 
scale.  This  occurs  at  the  division  marked  10  upon  the  vernie 
so  that  the  reading  is  138°  20'  +  10'  or  138°  30'. 

For  the  outside  scale,  the  zero  of  the  vernier  is  beyom 
the  221°  mark  and  about  half  way  between  the  first  and  secom 
20'  divisions.  The  reading  so  far  is  therefore  221°  20'.  JNov 
look  along  the  vernier  to  the  left  as  before,  and  the  divisions  coin 
cide  at  the  division  marked  10  upon  the  vernier,  so  that  the  read 
ing  of  the  outside  scale  is  221°  20'  +  10'  or  221°  30'.  The  sun 
of  the  readings  of  the  two  scales  equals  360°  as  it  should. 

EXAMPLES  FOR  PRACTICE. 

1.  Determine  the  least  count  of  the  vernier  in  Fig.  A,  31 
spaces  upon  the  scale,  being  equal  to  40  spaces  upon  the  vernier 

2.  Determine  the  least  count  of  the  vernier   in    Fig.  J>,  01 
spaces  upon  the  scale  being  equal   to  60  spaces  upon   the  vernier 
The  figure  represents  what  is  called  &  fold!  ny  vent  Irr.     To  read  i 
follow  along  the  vernier  in  the  usual  way  until  the  division  marke< 
10  is  reached.     If  there  are  no  corresponding  lines,  then  go  bad 
to  the  other  end  of  the  vernier  beginning  with   the  other    lOnuirl 
and  follow  it  back  toward  the  center  of  the  vernier. 

3.  Determine  the  least  count  of  the  vernier  of  Fig.  (\  \\hiel 
represents  the  usual  method    of  dividing  the  vertical    circle  of  tin 
transit. 

The  Level  Bubble  is  one  of  the  most  important  attachments  o 
an  engineering  instrument,  and  an  instrument  otherwise  good  ma1 
he  rendered  useless  by  imperfect  level  tubes. 

The  spirit  level  is  a  glass  tube  nearly  filled  \\  iih  a  mixture  o 
ether  and  alcohol,  the  remaining  space  being  occupied  with  tin 
\apor  of  ether.  Alcohol  alone  has  not  proved  satisfactory  as  it  i: 
too  sluggish  in  its  movements,  thereby  rendering  un  instrumen 
lack  i  no;  in  sensitiveness.  If  the  tube  were  perfectly  cylindrical 
the  bubble  would  occupy  the  entire  length  of  the.  lube,  when  hor 
izontal,  or  when  slightly  inclined  to  the  horizon,  thus  rendering  i 
impossible  to  tell  when  the  tube  is  in  a  trulv  horizontal  Dosition 
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The  tube  is,  therefore,  ground  on  the  inside  so  that  a  longitudinal 
section  is  a  segment  of  a  circle.  If  the  tube  is  not  ground  to  an 
an  even  curvature  the  bubble  will  not  travel  the  same  distance  for 
every  minute  of  arc  to  the  extreme  ends  of  the  tube,  and  an  other- 
wise perfect  instrument  will  not  work  well. 


A  line  tangent  to  the  circular  arc-,  at  its  highest  point,  as  indi- 
cated by  the  middle  of  the  bubble,  or  a  line- parallel  to  this  tangent, 
is  called  the  axis  of  the  bubble  tube.  This  axis  will  be  horizontal 
\vhen  the  bubble  is  in  the  center  of  the  tube.  Should  the  a\is  be 
slightly  inclined  to  the  horizontal,  the  bubble  will  move  toward 
the  higher  end  of  the  tube,  and  the  movement  of  the  bubble  should 
be  proportional  to  the  angle  made  by  the  axis  with  the  horizontal. 
Therefore  if  the  tube  is  graduated,  being  a  portion  of  the  circum- 
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onds  is  of  an  appreciable  length,  it  will  be  possible  to  determine 
the  angle  that  the  axis  may  make  at  any  time  with  the  horizontal, 
provided  the  angular  value  of  one  of  the  divisions  of  the  tube  is 
known.  This  is  done  by  noting  by  how  many  divisions  the  center 
of  the  bubble  has  moved  from  the  center  of  the  tube. 

Since  divisions  of  uniform  length  will  cover  arcs  of  less  angu- 
lar value  as  the  radius  of  the  tube  increases,  and  since  a  bubble 
with  a  given  bubble  space  will  become  more  elongated  as  the  radius 
is  increased,  the  sensitiveness  of  the  bubble  is  proportional  to  the 
radius  of  curvature  of  the  tube  and  the  length  of  the  bubble.  The 
length  of  the  bubble,  however,  will  change  with  changes  in  tem- 
perature, becoming  longer  in  cold  weather  and  shorter  in  warm 
weather.  This  is  due  to  the  fact  that  the  liquid  in  the  tube  expands 
and  contracts  more  rapidly  than  the  glass.  If  the  bubble  contracts 
excessively,  the  sensitiveness  is  thereby  impaired,  and  it  should 
be  possible  to  regulate  the  amount  of  liquid  in  the  tube.  This  is 
done  by  means  of  a  partition  at  one  end,  having  a  small  hole  in  it 
at  the  bottom.  A  bubble  should  come  to  rest  quickly,  but  should 
respond  easily  and  quickly  to  the  slightest  change  of  inclination 
of  the  tube. 

To  determine  the  radius  of  curvature  of  the  tube,  proceed  as 
follows:  Let  S  =  length  of  the  arc  over  which  the  bubble  moves 
for  an  inclination  of  1  second.  Let  R  =  its  radius  of  curvature. 
Then  S:  2-TrR  ::  1"  :  360°. 

From  which   R  =  200205  X  S     Or  =  S  =  ^J'L? 


S  may  be  found  by  trial,  the  level  being  attached  to  a  finely  divided 
circle.  Or,  bring  the  bubble  to  the  center  and  sight  to  a  divided 
rod;  raise  or  lower  one  end  of  the  level  and  again  sight  upon  the 
rod.  Call  the  difference  of  the  readings  It,  the  distance,  of  (lie,  rod 
r7,  and  the  space  which  the  bubble  moved  S.  Then  from  approx- 
imately similar  triangles 


'~    A 

EXAMPLE  FOR  PRACTICE. 

1.     At  100  feet  distant,  the  difference  of  readings  was  0.02 
foot,  and  the  bubble  moved  0.01  foot.     What  is  the  radius  of  the 
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Locke's  Hand  Level.     This  instrument  consi 
six  inches  long  with  a  small  level  mounted  on  it 
of  the  center  near  the  object  end.     See  Fig.  25. 
level  is  an  aperture  across  which  is  stretched  ; 
attached  to  a  frame.     This  frame  is  made  adji 
and  a  spring  working  against  each   other,  or  uj 
screws  placed  at  the  ends  of  the  level  mounting.     JLU  tn^  „ 
directly  below  the  level,  and  at  45°  to  the  line  of  sight,  is  placed 
a  totally  reflecting  prism  acting  as  a  mirror.     The  images  of  the 
bubble  and  wire  are  thus  reflected  to  the  eye.     The  prism  divides 


Fig.  25. 

the  section  of  the  tube  into  two  halves,  in  one  of  which  is  seen 
the  bubble  and  wire  focussed  sharply  by  a  convex  lens  placed  in 
the  draw  tube  at  the  eye  end  of  the  instrument,  while  the  other 
permits  of  an  open  view.  Putting  the  instrument  to  the  eye  and 
raising  and  lowering  the  object  end  until  the  bubble  is  bisected  by 
the  horizontal  wire,  natural  objects  hi  the  field  of  view  can  be  seen 
throuo'h  the  open  half  at  the  same  time,  and  approximate  levels 
can  then  bo  taken.  To  prevent  dust  and  dampness  from  entering 
the  main  tube,  both  the  object  and  the  eye  ends  are  closed  with 
plain  ulass. 

There  are  two  adjustments  necessary  in  this  instrument:  First, 
the  bubble  tube:  it  should  bo  so  adjusted  that  the  bubble  will  be  in 
the  center  of  lhe  tube  when  the  instrument  is  horizontal.  Second, 
the  hori/ontal  wire;  it  should  bisect  the  bubble  when  the  latter  is 
in  tho  center  of  the  tube.  The  methods  of  executing  these  adjust- 
ments are  wo  apparent  it  will  bo  unnecessary  to  dwell  upon  them 
hero. 

The  instrument  is  intended  to  be  carried  in  the  pocket  and  is 
of  especial  value  upon  reconnaissance  surveys,  and  for  sketching  in 
topography  upon  preliminary  surveys. 

flfl.  the  tonocminher  should  "provide 
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painted  alternately  red  and  white.  Upon  this  rod,  the  topographer 
should  mark  by  a  notch  or  other  means,  the  height  of  his  eye  above 
the  ground.  Standing  then  upon  a  station  of  the  line  of  survey, 
the  topographer  directs  his  assistant  to  carry  the  rod  out  upon 
either  side  of  the  line  and  in  a  direction  at  right  angles  thereto, 
until  a  point  having  the  proper  elevation  above  or  below  the  center 
line  is  found  as  determined  by  the  topographer  holding  the  instru- 
ment in  a  horizontal  position  at  the  eye.  The  topographer  then 
paces  the  distance,  while  the  assistant  carries  the  rod  to  the  next 
point.  It  is  evident  that  if  the  line  of  sight  from  the  instrument 
coincides  with  the  mark  upon  the  rod,  the  two  points  upon  the 
ground  are  at  the  same  level.  If  the  line  of  sight  strikes  the  rod, 
say  one  foot  below  the  mark  upon  the  rod,  it  is  evident  that  the 
ground  where  the  rod  is  held  is  one  foot  higher  than  where  the 
instrument  is  held.  These  operations  can  be  repeated  indefinitely 
and  made  to  extend  as  far  as  necessary  upon  either  side  of  the  line. 
The  points  of  proper  and  equal  elevation  are  then  connected  form- 
ing contour  lines,  but  the  topographer  should  fill  in  details  by  the 
eye.  The  methods  of  keeping  the  field  notes  will  be  illustrated 
and  described  later. 

Let  BCXDEFGand  H,  Fig.  20,  represent  the  successive  rod 
readings  on  the  right  of  the  center  line  A,  and  !>'  (<'])'  K'  K'  ( J"  the 
readings  on  the  left.  Now  suppose  the  leveler  stands  \vith  a  Locke- 
level  at  zero  and  the  rod  is  held  vertically  at  I>.  The  lino  of  si<dit 
al  bisects  the  rod  at  8.6  feet.  The  distance  from  the  <n-oimd  to  the 

r"» 

observer's  eye  is  5.5  feet.  Thus  it  is  apparent  the  elevation  ;it  I! 
will  be  3.1  feet  lower  than  at  A.  The  observer  now  paces  the  dis- 
tance between  A  and  B,  and  finds  it  to  he  50  feet.  Tim  reading  is 
now  taken  at  C  on  the  line  of  sight  cd  which  reads  (>.2  fVet,  hrncr 
the  elevation  of  C  is  .7  foot  lower  than  ]},  and  the  distance  be- 
tween 20  feet.  Suppose  an  attempt  is  made  to  take  a,  read i  no;  near 
D.  Since  the  horizontal  plane  from  the  observer's  eye  to  the 
ground  does  not  strike  the  rod,  it  is  apparent  that  the  rod  is  too 
faraway,  therefore  it  should  be  moved  back  to  a  point  X  where  the 
horizontal  plane  <<f  will  bisect  the  rod  at  some  division.  The  ele- 
vation of  X  having  been  ascertained,  pace  the  distance  CX,  as  in 
the  former  cases.  This  method  is  continued  until  II  is  reached, 
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the  distance  between  each.  The  same 
method  is  used  on  the  left-hand  side  of 
the  center  line.  However,  where  the 
surface  of  the  ground  has  an  abrupt 
change  between  stations,  it  is  customary 
to  take  cross  sections  at  such  changes  and 
ascertain  the  distances  between  the  sta- 
tions by  pacing;  the  center  line  at  such 
points  is  accepted  as  zero  ;  in  the  same 
manner  perform  the  operation  as  if  at 
a  station.  "Where  a  cross  road  inter- 
sects the  center  line  or  any  portion  of  the 
cross  section,  take  readings  at  places  that 
show  an  abrupt  change,  as  the  top  of  a 
bank,  side  of  the  road,  or  gutter,  center 
of  the  road  and  on  the  other  side  in  the 
same  way  and  place  as  before.  This  rule 
holds  good  in  places  where  small  streams 
are  situated.  It  is  not  necessary  to  find 
the  depth  of  the  water,  because  the  pur- 
pose of  the  cross  section  deals  solely  with 
the  surface.  AVhero  obstacles  prevent  the 
section  being  run  at  right  angles  to  the 
center  line,  use  the  method  of  olf-sets  and 
secure  tluMlrsiivd  elevation  as  closely  ap- 
proximate as  circumstances  \\ill  permit. 

The  Abney  Hand- Level  and  Clino= 
meter.  This  instrument  is  similar  to  the 
Locke  hand -level,  see  Fig.  J27,  but  the 
small  spirit  level  mounted  on  top  can  he 
moved  in  the  vertical  plane  and  is  clamped 
to  a  dial  graduated  upon  one  side  into 
single  degrees  and  upon  the  other  into 
slope  ratios,  so  that  it  is  possible  to  meas- 
ure angles  of  slope. 

The  adjustments  of  the  instrument  are 
the  same  as  for  the  Locke  hand-level. 


E 
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in  the  same  manner  as  the  Locke  hand-level,  but  is  of  more  universal 
application.  It  is  of  especial  value  upon  steep  slopes  when  the  effi- 
ciency of  the  Locke  level  would  be  limited  by  the  length  of  rod. 
In  using  the  Abney  instrument  it  is  only  necessary  to  mark  the 
height  of  the  eyes  upon  the  rod.  In  sighting  upon  the  rod,  with 
the  horizontal  line  coinciding  with  the  mark  upon  the  rod,  move  the 
vertical  circle  until  the  bubble  is  in  the  center  of  the  tube.  Read 
the  vertical  angle,  and  the  tangent  of  this  angle  multiplied  by  the 
horizontal  distance  to  the  rod  will  give  the  difference  of  elevation. 
If  the  distance  to  the  rod  is  measured  along  the  slope  of  the 
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ground,  multiply  this  distance  by  the  sine  of  the  vertical  .-mole,  to 
get  the  difference  of  elevation.  " 

The  most  satisfactory  method  of  using  this  instrument  is  in 
connection  with  a  straight  edge  from  8  to  10  feet  in  length.  Tho 
straight  edge  is  laid  upon  the  ground  parallel  to  the  dim-lion  of 
slope  and  the  clinometer  is  then  applied  to  it,  the  vertical  circle 
heing  turned  till  the  bubble  is  in  the  center.  Tho  angle,  of  dow 
is  then  read,  or  better  still,  the  slope  ratio  is  read  fro.a'ihe  vertical 
circle.  This  operation  is  lepeated  at  every  change  of  slope,  the 
distances  being  either  paced  or  measured  with  a  tape.  For  in- 
stance, suppose  the  slope  is  found  to  be  GO  feet  in  length  and  the 
slope  ratio  as  given  by  the  clinometer  is  ^.  It  is  evident  then 

that  flf-  flip  ^rul  nf  tlm   olrk-r\^   +1^  /IJ-flP^ ,,„„„„    :„     ,i___    ,-  .,,     ,        ^ 
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feet.  The  instrument  is  sometimes  fitted 
with  a  small  compass  and  a  socket  for  use 
upon  a  tripod  or  Jacob  staff. 

The  Leveling  Rod  is  an  important  part  of 
the  leveling  outfit;  it  is  used  in  measuring 
the  vertical  distance  between  the  horizontal 
plane  through  the  line  of  sight  and  the  point 
upon  which  the  rod  is  held.  There  are  three 
forms  in  common  use  known  as  the  New 
York,  Philadelphia  and  Boston.  They  are 
made  of  hard  wood  6-|  feet  long,  sliding  out 
to  12  feet  and  provided  with  target,  vernier 
and  clamps. 

Leveling  rods  are  of  two  kinds,  the  target 
and  the  self-reading.  Of  the  target  rods, 
the  New  York  and  Boston  are  generally  used 
for  precise  work.  Of  the  self-reading  rods, 
the  Philadelphia  shown  in  Fig.  28  is  in  more 
common  use.  The  self-reading  rods  are  used 
only  in  connection  with  that  class  of  work 
where  approximate  accuracy  only  is  required; 
this  form  is  generally  read  tohundredths  of  a 
foot  and  can  be  read  directly  from  the  instru- 
ment by  the  observer  without  the  aid  of  the  tar- 
get, as  is  suggested  by  the  name.  However, 
with  the  aid  of  the  target  this  rod  can  be  read 
to  thousandths  of  a  foot  approximately.  The 
target  is  used  \\hen  greater  accuracy  is  re- 
quired and  \vhen  the  rod  is  so  far  from  the 
instrument  that  it  cannot  be  distinctly  read. 

The  rod  consists  of  a  graduated  scale  di- 
vided into  feet,  tenths  and  hundredths  of  a 
foot,  and  when  properly  made,  readings  to 
thousandths  of  a  foot  can  be  easily  taken. 
Pig-  28  r-^le  numbers  making  the  tenths  should  be 

0.00  foot  long  and  so  placed  that  one-half  the 
length  is  above  and  one-half  below  the  line.  The  numbers  marking 
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This  class  of  rod  is  painted  white,  the  foot  graduations  are  red  and 
the  tenths  and<hundredths  are  black  horizontal  lines. 

No  attempt  will  be  made  to  describe  the  reading  of  the  vernier 
of  either  the  New  York  or  Boston  rod, 
but  the  Philadelphia  rod  is  so  divided  as 
to  make  its  reading  easily  understood. 
With  this  rod  each  side  of  the  black 
horizontal  line  indicates  lOOths,  that  is, 
the  lo^er  side  of  the"  first  black  space 
is  called  "on.e,"  and  the  upper  side  of 
the  same  space  is  called  "two,"  the 
lower  sicfe  of  the  third  space  is  called 
"three"  and  so  on  until  the  tenth  is 
read. 

The  reading  is  taken  without  the  aid 

of  the  target,  in  feet,  tenths  and  hun- 

dredths  as  the  case  may  be.  The  mov- 
able target  has  a  vernier  which  reads 

to  thousandths  of  a  foot  and  is  read 

from  zero  to  ten.     To  read  this  rod, 

move  the  target  to  any  convenient  place 

on  the  scale  of  the  rod  and  note  where 

the  vernier  at  zero  coincides  with  a  black 

horizontal  line  ;  then  note  where  a  line 

of  the  vernier  coincides  with  a  line  of 

the  scale.    For  example,  if  the  zero  of 

the  vernier  is  just  above  one  foot,  four- 

tenths  and  five  hundredtlis,  as  shown 

in  Fig.  29,  and  a  line  of  the  graduation 
of  the  vernier  coincides  at  7  with  a  Lori- 

zontal  black  line  on  the  rod,  the  reading  will  be  1.457  as  is  shown 
in  Fig.  29.  If  reading  to  the  nearest  100th,  the  readincr  will  be 
1.46.  This  is  because  the  7  naturally  brings  the  zero  .00:2  above 
the  line  of  graduation  on  the  rod,  therefore,  the  zero  of  the  vernier 
is  .002  nearer  the  6*  than  the  5,  hence,  the  reading  is  as  above. 
Should  the  vernier  read  .002  instead  of  .007  the  reading  would  be 
1.4o.  It  is  apparent  that  .002  now  brings  the  zero  of  the  vernier 
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rod  reading  is  1.45.  Therefore,  in  all  readings  with  the  Phila- 
delphia rod,  read  the  thousandths  to  the  nearest  half  hundredth. 
This  is  true  whether  or  not  the  lines  coincide. 

These  readings  apply  only  to  the  face  of  the  rod  or  to  6|  feet. 
When  the  rod  is  extended  to  12  feet,  or  any  fractional  part  thereof, 
the  reading  is  a  little  different,  both  as  to  its  graduation  and 
vernier.  The  scale,  of  course,  is  the  same  on  the  face  of  the  rod 
when  extended,  except  as  to  the  vernier,  which  is  placed  on  the 
back  at  6-J  feet  and  the  scale 
of  graduation  on  the  ex- 
tended part  of  the  rod  is  also 
on  the  back  of  the  extension 
which  runs  through  the  ver- 
nier, as  shown  in  Fig.  30. 
The  scale  of  hundred ths  is  the 
only  part  to  be  particularly 
observed,  together  with  the 
vernier  in  the  former. 

For  example,  the  first 
horizontal  black  space  equals 
"one,"  which  is  the  top  line 
of  the  foot  mark.  The  lower 
side  of  the  first  black  space  is 
"two,"  and  the  upper  side  of  ng"' 

the  same  space  is  "three''  Imndredths,  and  so  on  until  the  tenth 
is  reached.  The  tenth  and  feet  are  placed  the  same  as  on  the  i'aee 
of  the  rod.  The  vernier,  as  already  stated,  is  a  little  different  in 
point  o£  reading  and  is  graduated  from  ten  to  zero,  instead  of  zero 
to  ten,  as  on  the  movable  target.  However,  with  some  recent ly- 
made  rods  of  this  type,  the  scale  and  vernier  reading  is  the  same 
throughout.  See  Fig.  31.  The  gnid nation  at  ten  is  taken  as  the 
zero  in  determining  thousandths.  The  vernier  in  question  is  firmly 
attached  to  the  upper  end  of  the  rod  f4  feet,  (and  the  extension  of 
the  rod  runs  through  this  vernier).  The  differences  in  graduation 
of  the  tw7o  sides  should  bo  carefully  noted.  The  rod  has  two 
clamp  screws,  ono  attached  to  the  movable  target  and  the  other 
near  the  vernier  on  the  back  of  the  rod.  In  running  the  rod,  it 
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desired,  to  set  the  target  at  6|  feet  and  run  the  rod  to  its  full  length, 
then  move  down  as  signalled;  where  no  target  reading  is  required, 
run  the  rod  to  its  full  extent  (12  feet)  and  as  the  face  of  the  rod  has 
a  scale  throughout,  tho  reading  can  be  taken  from  the  instrument. 

Should  the  instrument  not  be  near 
enough  to  enable  the  leveler  to  see 
the  rod  distinctly  without  the  aid  of 
the  target,  he  should  first  read  the 
rod  through  the  telescope  of  the  in- 
strument  and  then  notify  the  rod- 
man  at  what  distance  the  intersection 
of  the  cross-hairs  in  the  instrument 
approximately  bisects  the  rod,  such 
as  3.21,  which  means  three  feet,  two 
tenths  and  one  hundredth.  The  rod- 
man  then  sets  his  rod  to  read  this 
distance  and  another  sight  is  taken, 
being  careful  to  have  the  rod  plumb. 
Should  the  intersection  of  the  target 
fail  to  coincide  with  the  cross -hairs 
in  the  instrument,  the  leveler  then 
signals,  or  calls  out  if  sufficiently  near 
to  do  so,  the  true  rod  reading,  as  up 
a  tenth,  down  two  hundred ths,  as  the 

case  may  be,  and  the  target  is  placed  at  this  distance'.  Wiu'ii  pre- 
cision is  required,  this  method  is  relied  upon  only  for  the  tipprox- 
imate  placing  of  the  target;  the  method  used  in  this  cuse  is  to 
slowly  move  the  target  by  standing  behind  the  rod  and  holding 
it  between  the  thumb  and  fingers  of  one  hand,  while  the  target  is 
moved  with  the  other.  Then  the  target  is  slowly  moved  by  the 
signals  of  the  observer. 

When  a  slow  motion  with  the  hand  above  the  shoulder  or 
below  the  hip  is  made  by  the  observer,  it  means  that  the  rod 
is  to  be  moved  in  that  direction  a  fractional  part,  as  one  tenth, 
but  when  a  quick  motion  is  made  and  the  hand  drawn  back  in 
the  same  manner  it  implies  that  the  target  is  to  be  moved  just  a 
trifle.  In  this  way  and  by  proper  attention  to  the  signals  of  the 
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thereby  saving  much  time.  "When  the  target  is  finally  set,  the 
rodman  reads  the  rod  and  calls  out  the  reading  to  the  observer, 
when  within  reasonable  distance.  The  target  rods  are  read  en- 
tirely by  the  rodman,  and  the  readings  are  kept  by  him  in  a  note 
book  for  that  purpose;  these  notes  should  be  given  to  the  observer 


C 

Fig.  33. 


at  every  opportunity  and  results  checked.     To  obtain  correct  re- 
sults when  leveling,  it  is  absolutely  essential  that  the  rod  be  ver- 
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The  observer  or  leveler,  by  means  of  the  vertical  wire  upon 
the  target  of  an  ordinary  leveling  rod,  can  tell  whether  or  not  a 
rod  is  vertical  and  in  a  position  at  right  angles  to  the  line  of  sight, 
but  he  is  not  able  to  determine  whether  the  top  of  the  rod  is  in- 
clined towards  the  instrument  or  in  the  opposite  direction ;  because 
-when  looking  through  the  telescope  of  a  level  he  can  see  only  a 
fractional  part  of  the  rod.  Therefore  the  necessity  of  overcoming 
this  difficulty  led  to  the  invention  of  the  bent  target  which  obviates 
this  latter  trouble  as  can  readily  be  seen  from  Fig.  32.  The 
American  target  fulfills  the  same  requirements,  but  differs  from  the 
ordinary  target  in  having  two  discs,  one  behind  the  other,  as  in 
Fig.  33.  The  principle  of  construction  of  this  target  is  ex- 
tremely simple,  and  may  be  best  explained  in  the  figures  above 
Suppose  a  target  of  the  old  kind,  which  in  its  front  view  looks 
exactly  like  the  front  view  of  the  new  target  in  A,  to  be  cut 
along  the  vertical  lines  aa,  55,  thus  dividing  it  into  three  parts; 
that  is,  one  center -piece  and  two  wings.  Suppose  furthermore, 
the  centerpiece  to  remain  in  its  former  place  at  tlio  front  of  the 
rod,  while  the  two  wings  are  removed  to  the  rear  of  tlio  rod.  Then 
the  result  evidently  will  be  that  the  horizontal  lino  rr,  <7t?9  will 
appear  as  one  unbroken  line  to  the  observer,  only  when  tho  rod  is 
held  perfectly  vertical.  Any  deviation  either  towards  tlio  instru- 
ment, or  away  from  it  will  cause  the  two  parts  <'<•  and  </<!  of  tlio 
horizontal  line  situated  at  the  rear  of  tho  rod  in  tho  win^rf  of  the 
target  to  show  either  above  or  below  that  part  c<J  of  tho  horizontal 
line  which  is  situated  in  tho  front  of  tho  rod  in  tho  cenferpieeo  of 
the  target. 

TThether  using  the  bent  target,  tho  ordinary  t;ir<M«t  or  no 
target  at  all,  it  is  apparent  that  tho  rodman  should  hold  tlio  rod  in 
a  vertical  position,  known  as  plumb.  This  can  bo  dono  l>y  stand- 
ing directly  behind  the  rod  with  both  feet  together  or  upart,  as  tho 
rays  of  the  sun  may  require,  governing  shadows,  and  holding  tlio 
rod  between  the  thumb  and  finger  of  one  hand  whilo  movino*  the 

O  }— ) 

target  with  the  other.  After  the  target  is  set,  both  hands  are 
brought  in  line  with  the  shoulders,  and  standing  erect,  tho  hand 
should  touch  the  rod  very  lightly,  so  that  it  will  almost  stand  in  a 
vertical  position  by  itself;  or  when  standing  in  that  position  if  the 
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with  the  nose  and  chin,  it  will   be  plumb.     The  rodi 
never  put  his  hands  around  the  rod. 

Another  way   is    to   sight  along  the  line  of  som 
apparently  in  line.     There  are,  of  course,  many  different 
of  signalling,  but  the  ones  mentioned  are  frequently  used. 

"When  the  rod  is  to  be  read  without  the  aid  of  a  target  or  WALU 
the  ordinary  target,  it  frequently  happens  that  the  rod  is  not  ver- 
tical and  the  signal  used  for  bringing  it  in  its  proper  vertical 
plane  is  the  raising  of  either  the  right  or  left  hand  in  a  vertical 
position,  which  indicates  that  the  rod  should  be  inclined  in  that 
direction.  In  so  doing  move  the  rod  slowly  until  the  hand  is  low- 
ered. After  the  target  has  been  set  in  its  proper  position,  clamp  it 
by  the  screw  on  its  side,  then  give  another  sight  and  note  the  sig- 
nals of  the  observer. 

If  the  target  is  to  be  moved,  the  observer  should  hold  the  palm 
of  one  hand  in  the  direction  the  target  is  to  be  moved.  The  observer 
should  use  but  one  hand  in  signalling  the  rod;  if  the  target  is  to 
be  lowered,  he  should  hold  his  hand  below  his  hip,  palm  down. 
To  raise  the  target  ho  should  hold  his  hands  above  his  shoulder, 
palm  up.  Any  considerable  change  in  the  position  of  the  target 
is  denoted  by  a  more  or  less  violent  motion  of  the  hand.  If  a  very 
slight  change  is  desired,  the  observer  should  hold  his  hand  in  the 
proper  position  without  moving  it  up  or  down.  When  the  proper 
position  of  tlio  target  lias  been  obtained,  the  observer  indicates  the 
fact  by  raising  both  arms  above  tlio  head  and  moving  them  in  the 
arc  of  a  circle  to  indicate  that  the  rod  reading  at  that  particular 
place  is  complete*. 

New  York  Rod.  This  rod  resembles  the  Philadelphia  rod  as 
to  its  use  and  dimensions,  but  differs  as  to  scale  and  vernier  read- 
ing. Tho  scale  is  divided  into  feet,  tenths  and  lnmdredths,  the 
same  as  tlio  Philadelphia  rod,  except  tho  graduations  of  the  hun- 
dredths,  ^liich  instead  of  having  tho  sides  of  one  black  space  each 
equivalent  to  0.01  foot,  as  on  the  Philadelphia  rod,  the  hundredth^ 
are  distinct  by  themselves,  therefore,  each  lino  between  the  tenth 
is  .01  part  of  tho  scale.  Fig.  »54  shows  tlio  rod  at  its  full  length, 
and  Fig.  1ft  shows  a  sectional  part  thereof  with  its  movable  target 
set  at  <il  feet  and  the  black  horizontal  lines  each  indicate  .01  as 
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The  rod  Las  a  movable  target  wliicli  carries  a  vernier,  and 
allows  readings  to  thousandths.  It  cannot,  however,  be  read  with, 
out  the  aid  of  the  target  and  is  used  for  the  most  part, 
where  precision  is  required;  it  probably  commends  its. 
self  to  a  greater  number  of  engineers,  because  of  its 
stiffness  and  wearing  qualities.  For  elevations  up  to 
6|  feet,  the  target  is  used  in  the  same  manner  as  the 
former  rod  by  sliding  it  up  or  down  upon  the  rod. 
Above  6J  feet,  as  with  all  the  rods,  the  target  is  clamped 
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at  the  0£.foot division.     The  back  of  the  rod  slides  i.po,,  tin,  front 
half  and  when  so  extended  the  vernier  is  on  each  of  tlw  narrow 
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back  when  extended,  with  the  New  York  rod  it  is  on  its  narrow 
sides.  The  vernier  in  question  is  somewhat  different  from  the 
one  found  on  the  Philadelphia  rod,  since  it  is  provided  with  a 
direct  vernier,  while  the  other  is  provided  with  an  indirect  vernier. 
The  former,  as  has  been  explained,  is  usually  placed  below  the 
center  of  the  target,  that  is,  the  zero  is  placed  below  the  in- 
tersection of  the  horizontal  and  vertical  lines  of  the  target. 
In  almost  every  case  this  causes  confusion  because  the  rodman 
has  been  taught,  by  reason  of  using  a  Philadelphia  target  rod, 
to  read  the  scale  at  the  zero  of  the  vernier  to  tho  fractional 
parts  of  a  foot  by  looking  along  the  vernier  for  the  coincid- 
ing lines.  There  need  be  very  little  confusion  in  reading  the  New 
York  rod,  if  it  is  remembered  that  the  center  of  the  target  is  set 
by  the  leveler  and  not  the  zero  of  the  vernier  as  on  the  Philadel- 
phia rod.  Careful  observation  of  the  vernier  will  show  that  the 
zero  of  the  vernier  is  placed  at  the  intersection  of  the  horizontal 
and  vertical  lines  of  the  target.  The  method  of  using  the  clamps, 
setting  the  target,  etc.,  is  the  same  as  that  of  the  Philadelphia  rod. 
The  Boston  Rod  is  made  of  mahogany,  is  of  the  same  length 
and  slides  out  ay  the  rods  just  described.  It  is  distinctly  a  target 
rod  and  cannot  bo  read  without  its  aid.  The  scale  and  vernier,  how- 
ever, are  on  tho  narrow  sides  and  can  be  read  to  thousandths  or 
any  fractional  part  of  a  foot.  The  tar  tret  is  fixed  upon  one-half  of 
the  rod  for  elevations  less  than  fii  feet.  The  target  end  is  held  upon 
the  o  round  and  the  front  of  the  rod  slides  upon  the  back,  as  shown 
in  Fi<r.  I>7.  Above.  Hi  feet  the  rod  is  inverted  as  shown  in  Fif. 

t~*i  i-j  r""i 

;$S?  and  is  then  used  in  much  the  same  vay  as  the  New  York  rod. 
Thoiitnires  al>o\o  referred  to  show  the  sides  of  the  rod  \\  ith  its  si-ale 

r~> 

upon  it.  The  scre\\  s  at  each  end  act  as  clamps.  In  tho  oldstjleof 
Uoston  rod  a  \\ooden  target  \\as  screwed  to  the  rod  with  the  result 
that  the  target  \\ould  \\arp  and  twist  or  bo  knocked  off,  thus  render- 
ing the  rod  useless.  Tho  best  type  of  Boston  rod  is  fitted  with  a 
bent  metal  target.  This  form  is  very  serviceable  and  satisfactory. 
It  will  be  apparent  from  the  foregoing  description  that  the  rod  is 
read  altogether  by  vernier,  the  scales  and  vernier  being  on  the 
side.  It  is  the  lightest  and  neatest  rod  of  the  three  but  the  least 
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white,  with  black  graduations;  it  is  divided  into  feet,  tenths  and 
hundredths,  (See  Fig.  39).  The  scale  is  on  both,  sides.  At  each 
end  is  a  spirit  level  bubble  with  graduations  on  the  upper  side  of 
the  tube  to  bring  the  rod  in  a  horizontal  plane.  In  the  center  of 
the  rod  is  an  opening  for  the  hand,  and  thereby  it  can  be  easily 

taken  from  place  to  place. 
The  purpose  of  this  rod  is  to 
simplify  the  lengthy  calculations 
in  taking  cross  sections;  this 
will  be  more  fully  explained 
under  its  respective  head. 

In  Fig.  39  A  and  B  are  the 
[bubbles.     It  is  apparent  that  if 
lone  end  of  the  rod  is  placed  on 
the  side  of  a  hill  and  the  other 
raised  in  a  vertical  position  until 
the  bubble  appears  in  the.  center 
of  the  tube,  the  base  of  the  rod 
will  be  in  a  horizontal  plane. 

Ranging  Poles.  Fig.  40 
shows  the  three  forms  of  rang- 
ing poles  (called  flans)  in  com- 
inoii  use,  all  of  which  aro  from 
0  to  10  feet  in  length,  made  of 
hardwood,  octagonal  in  shape; 
they  are,  tapered  from  flio  lop 
down  and  each  foot  painted  al- 
ternately red  and  white,  and  pro- 


the  smallest  one,  which  consists  of  an  iron  tubular  rod  £-  inches  in 
diameter  and  used  for  the  most  part  on  construction  work.  These 
flags  are  for  the  purpose  of  establishing  points  or  retaining  a  given 
line  indefinitely;  it  is  an  important  tool  of  the,  surveyor's  outfit. 
To  use  this  flag,  it  is  placed  approximately  at  some  reasonable, 
distance  from  the  instrument  and  then  l>y  the  signals  of  the 
observer  is  moved  until  the  line  of  sight  through  the  instrument 
bisects  it.  It  should  be  held  in  a  vertical  position  and  governed 
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position.  It  is  also  a  convenient  device  for  measuring,  approx- 
imately, distances  not  exceeding  six  feet,  but  where  any  great 
amount  of  accuracy  is  desired,  the  method  should  not  be  relied 
upon.  It  is  an  advantage,  however,  to  use  the  flag  as  a  check, 


Fig.  39. 
when  it  may  appear  that  some  discrepancy  has  occurred. 

INSTRUMENTS. 

The  Wye  Level.  There  are  three  kinds  of  leveling  instru- 
ments in  common  use,  viz:  The  Wye  level  with  four  leveling 
screws,  the  "Wye  level  with  three  leveling  screws  and 
p  Q  ft  the  Dumpy  level.  The  Wye  level  derives  its  name 
from  the  vertical  forked  arms,  called  Wyes,  in  which 
the  telescope  rests.  It  is  clamped  to  them  by  collars 
which  may  be  raised  allowing  the  telescope  to  be 
turned  on  its  horizontal  axis  or  lifted  out  entirely. 
It  is  also  referred  to  as  the  four-screw  level.  Like 
other  levels  it  is  used  for  the  purpose  of  ascertaining 
a  horizontal  line  of  sight  parallel  to  a  spirit  level 
and  perpendicular  to  the  vertical  axis.  The  line  of 
sight  is  fixed  in  the  telescope  by  the  intersection  of 
cross-hairs.  A  spirit  level  is  attached  to  the  under 
side  of  tlm  telescope  and  is  protected  except  on  top 
by  a  metal  tube.  In  tlio  barrel  of  the  telescope  slide 
tv.o  tubes,  in  one  of  which  is  an  rye -piece;  in  the 
other  is  the  objective. 

The  aje-p'iece,  usually  found  v\ith  the  four-screw 
leveling  instrument  is  of  the  erecting  t\pe.  The  in- 
verting ev-piece  as  distinguished  from  the  erecting 
eye -piece  has  two  lenses  instead  of  four.  The  result 
is  that  the  inverting  eye-piece  permits  more  light  to 
reach  the  eye  of  the  observer,  and  is  therefore  better 
adapted  to  precise  leveling.  At  first  some  inconven- 
Fig.  40.  ience  is  experienced  by  the  fact  that  all  objects  are 
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screw  instrument  or  a  three-screw  instrument,  lie  with  the 
inverting  eye-piece.  Nearly  all  makers  give  a  purchaser  his  choice 
of  the  style  of  eye-piece  without  extra  charge.  In  purchasing  an 


g 

A 


instrument  it  should  be  noticed  whether  the  eye-piece  is  adjusted 
by  a  straight  pull  or  by  a  spiral  motion,  because  the  sniral  motion 
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WYE  IKVFJ,— THRKE  SCREW. 
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An  inexperienced  observer  upon  looking  through  the  level 
finding  no  cross-hairs  may  suspect  that  the  cross-hairs  are 
broken.  It  must  not  be  forgotten  that  the  *ye 
piece  must  be  focused  before  the  cross-hairs  will 
come  into  the  range  of  vision.  Having  once 
focused  the  eye-piece  upon  the  cross-hairs,  the 
adjustment  will  stand  for  a  long  time  if  the  eye- 
piece  is  undisturbed. 

The  object  glass  is  moved  in  and  out  by  means 
of  a  pinion  which  works  on  a  rack  attached  to  a 
sliding  tube  and  moves  in  the  axis  of  the  barrel, 
passing  through  the  run  which  is  inclined  in 
the  barrel.     The  instrument  is  provided  with  a 
clamp,   slow   motion    and  leveling  screws  and 
g    mounted  on  a  tripod.     The  two  former  screws 
^     are  situated  directly  under  the  horizontal    bar 
S     and  revolve  with  the  telescope. 
^         The  Line  of  Collimation  of  a  level  is  the  line 
g     joining  the  optical  center  of   the   object-glass 
53     and  the  intersection  of  the  cross-hairs,  and  since 
£    this  line  determines  the  point  towards  \\hichtho 
g     telescope  is  directed,  it  should  coincide  with  tho 
OQ     optical  axis  of    the    telescope.       The  eye-piece 
^     and  object-glass  must  he  accurately  centered. 
^         Instrumental  Parallax  is  an  important  con- 
^     (lit ion  of  focusing  duo  to  tho  fact  that  tho  imago 
does  not  fall  in  tho  piano  of  tho  cross-hairs. 

To  determine  this,  direct  tho  telescope  upon  an 
object  and  focus  tho  eve-piece  so  that  tin  cross- 
hairs  are  perfectly  distinct.  Then  turn  tho  tele- 
scope upon  tho  object  \\hich  is  to  ho  observed, 
and  focus  tho  object  glass  until  tho  linage  it- 
clearly  defined.  Move  tho  eye  from  sido  to  side 
and  note  \\hether  there  is  any  apparent  move- 
ment  of  tho  cross-hairs  and  imao'o.  It'  any  is 
seen,  tho  two  operations  are  to  he  repeated  until 
all  parallax  is  removed. 
This  adjustment  depends  upon  the  eye  of  tho  observer  and 
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Spherical  Aberration.  This  defect  is  caused  by  combining 
lenses  of  different  curvatures  so  that  objects  on  the  side  of  a 
field  of  view  are  seen  less  distinctly  than  those  in  the  center.  To 
test  the  object  glass  for  this  defect  cover  the  outer  edge  with  an 
annular  ring  of  paper  and  focus  upon  some  desired  object.  Then 
remove  the  ring  and  cover  the  central  spot  of  the  glass;  if  no 
change  of  focus  is  needed  the  glass  has  no  spherical  aberration. 

To  test  the  eye-piece,  sight  to  a  heavy  black  line  drawn  on 
white  paper  and  held  near  the  .side  of  the  field  of  view.  If  it  ap- 
pears perfectly  straight  the  eye-glass  is  a  good  one. 

Chromatic  Aberration  is  a  defect  caused  by  combining 
lenses  of  different  and  improper  varieties  of  glass  so  that  the  yel- 
low or  purple  colors  appear  on  the  edge  of  the  field.  To  test  the 
telescope  for  this  defect  focus  it  upon  a  bright  distant  spot  and 
slowly  move  the  object  glass  out  and  in.  If  no  colors  are  observ- 
ed around  the  edge  of  the  field  of  view  the  telescope  is  free  from 
tliis  defect. 

Adjustments.  The  adjustments  of  the  Wye-level  are  three 
in  number  and  should  be  made  in  the  following  order: 

1.  To  make  the  line  of  collimation  parallel  to  the  bottoms 
of  the  collars. 

2.  To  make-    the  axis  of  the   bubble  tube  parallel  to  the  line 
of  collimation. 

3.  To  inako  the  axis  of  the  bubble  tube  perpendicular  to  the 
vertical  axis  of  the  instrument. 

To  mala*  the  test  for  the  first  adjustment  set  up  the  in^trn- 
ment  firmly  upon  solid  ground,  shaded  from  sun  ami  \\ind.  Di- 
rect the  telescope  towards  the  side  of  a  huildino;,  a  fence  or  other 
convenient  object  and  carefully  center  the  intersection  of  the 
cross-hairs  upon  a  well-defined  point,  such  as  the  head  of  a  tack, 
('lamp  the  vertical  axis  and  loosen  the  telescope  clips.  Now 
slowly  revolve,  the  telescope  in  the  wyes  and  note  if  the  intersec- 
tion of  the,  cross-hairs  continues  to  cover  the  point.  If  so,  the 
line  of  collimation  in  in  adjustment. 

If  the  intersection  of  the  cross-hairs  moves  off  the  point,  re- 
volve the  telescope  in  the  wyes  as  nearly  as  possihle  through  ISO 
degrees  anj  carefully  center  a  point  at  the  intersection  of  the 
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two  points  and  establish  a  third  point:  by  means  of  the  screws  at- 
tached  to  the  cross-hair  diaphragm,  move  the  diaphragm  so  that  the 
intersection  of  the  cross-hairs  covers  the  third  point.  Now  re- 
peat  the  test  and  correct  the  position  of  the  cross -hair  diaphragm 
until  the  intersection  of  the  cross-hairs  covers  one  point  as  the 
telescope  is  revolved  in  the  wyes. 

The  horizontal  cross-hair  should  at  all  points  be  at  the  same 
distance  from  the  bottoms  of  the  collars.  To  test  this,  carefully 
center  one  extremity  of  the  hair  upon  a  point,  and  by  means  of 
the  tangent  screw,  slowly  revolve  the  telescope  upon  the  vertical 
axis,  and  if  the  hair  covers  the  point  from  end  to  end,  the  adjust- 
ment is  complete.  If  it  does  not,  the  hair  is  to  be  adjusted  by 
the  same  screws  as  before.  Making  this  adjustment  will  probably 
disturb  the  former  one,  and  the  two  are  to  be  repeated  in  succes- 
sion until  satisfactory. 

It  will  be  noticed  that  to  make  this  adjustment,  it  is  not  nec- 
essary to  level  the  instrument. 

Adjustment  of  the  Axis  of  the  Bubble-tube.  To  test  this 
adjustment,  first  throw  back  the  clips  holding  the  telescope  in  the 
wyes,  and  then  revolve  the  telescope  upon  the  vertical  axis 
to  bring  it  directly  over  a  pair  of  leveling  screws  and  clamp  the 
axis  firmly.  By  means  of  these  leveling  screws  bring  the  bubble 
to  the  center  of  the  tube  as  accurately  as  possible.  Now  without 
disturbing  the  instrument,  carefully  lift  the  telescope  out  of  the 
wyes  and  turn  it  end  for  end,  being  careful  when  replaced  in  the 
wyes  that  the  telescope  comes  to  its  seat  at  each  end.  If  the  bub- 
ble  in  this  new  position  of  the  telescope  comes  to  rest  at  the  cen- 
ter of  the  tube,  the  axis  of  the  tube  is  in  adjustment. 

If  the  bubble  does  not  return  to  the  center,  bring  it  one-half 
way  back  to  the  center  by  means  of  the  vertical  screws  at  one  end 
of  the  bubble-tube,  and  the  remainder  of  the  way  by  the  two  lev- 
eling screws.  Now  repeat  the  test  and  correction  as  often  as  nec- 
essary until  the  bubble  remains  in  the  center  of  the  tube. 

Having  adjusted  the  bubble-tube  over  one  pair  of  screws, 
test  it  over  he  other  pair. 

When  the  horizontal  hair  is  truly  horizontal,  the  line  of  colli- 
mation  and  the  axis  of  the  bubble-tube  should  be  in  tlie  same 
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been  completed,  loosen  the  clips  of  the  wyes  and  bring  the  bubble 
carefully  to  the  center  of  the  tube.  Now  slowly  revolve  the  tele- 
scope in  the  wyes  and  note  if  the  bubble  still  remains  in  the  cen- 
ter of  the  tube.  If  it  does,  the  line  of  collimation  and  the  axis  of 
the  tube  are  in  the  same  plane.  If  the  bubble  runs  to  one  end  of 
the  uube,  bring  it  back  by  the  horizontal  screws  attached  to  one 
and  of  the  tube. 

•It  must  be  borne  in  mind  that  the  first  and  second  adjust- 
tnents  must  be  carefully  made  and  that  they  are  absolutely  essen- 
tial if  satisfactory  results  are  to  be  attained  with  the  instrument. 

Adjustment  of  the  Vertical  Axis.  This  adjustment  is  not 
absolutely  essential,  provided  that  every  time  a  reading  is  taken 
the  bubble  is  brought  to  the  center  of  the  tube  by  means  of  the 
parallel  plate  screws.  However,  the  adjustment  will  expedite 
field  work  and  should  always  be  made. 

To  test,  level  the  instrument  carefully  over  both  pairs  of 
screws;  if  the  bubble  remains  in  the  center  of  the  tube  as  the  tele- 
scope is  revolved  on  the  vertical  axis  all  the  way  round,  the  ad- 
justment is  complete.  If  the  bubble  runs  to  one  end  as  the  tele, 
scope  is  thus  revolved,  the  vertical  axis  is  out  of  adjustment  ani 
may  be  corrected  as  follows.  Bring  the  telescope  directly  over  a 
pair  of  opposite  plate  screws,  and  by  means  of  these  screws  bring 
the  bubble  accurately  to  the  center  of  the  tube.  Now  revolve  the 
telescope  on  the  vertical  axis  as  nearly  as  possible  through  1>SO 
decrees  and  note  the  displacement  of  the  bubble:  bring  the  bub- 
ble one-half  of  the  way  hack  to  the  center  by  the  screws,  at  one 
end  of  the  bubble-bar  attached  to  the  wyes,  and  the  remainder  of 
the  distance  by  the  parallel  plate  screws.  Kepeat  the  test  and 
adjustment  until  the  bubble  remains  in  the  center  of  the  tube  in 
all  positions  of  the  telescope. 

Replacing  the  Cross-hairs.  The  cross-hairs  in  leveling  in- 
struments may  be  either  spider  webs  or  platinum  wire.  Spider 
webs  are  better,  but  in  selecting  them  care  should  be  taken  to  see 
that  they  are  free  from  dust  and  dampness.  Probably  the  web  of 
the  little  black  spider  is  the  most  satisfactory,  but  the  \™b  of  the 
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spun.  Spider  webs  can  best  be  carried  by  winding  them 
around  a  stick. 

The  cross-hairs  are  attached  to  the  small  diaphragm  set  at 
the  principal  focus  of  the  object-glass.  To  replace  the  cross-hairs, 
carefully  remove  the  diaphragm  from  the  telescope  tube  and  lay 
it  upon  a  white  surface  with  the  cross-hair  side  upwards.  It  will 
be  noticed  that  there  are  incisions  upon  the  face  of  the  diaphragm 
intended  to  indicate  the  position  of  the  cross-hairs.  Fasten  one 
end  of  the  spider  web  to  the  diaphragm  by  means  of  beeswax  or 
paraffine,  carefully  suspending  the  other  end  of  the  web  over  the 
opposite  incision  upon  the  diaphragm;  after  the  web  has  been 
properly  stretched  by  fastening  it  to  a  match,  fasten  the  web 
down  as  before.  Kepeat  the  operation  with  the  other  cross-hair, 
then  replace  the  diaphragm  in  the  instrument,  care  being  taken 
not  to  break  the  hairs.  The  first  adjustment  may  then  bo  made. 

The  Dumpy-level.  This  instrument  (see  Fio;.  41)  differs 
from  the  Wye-level  in  the  following  points:  the  uprights  which 
carry  the  telescope  are  firmly  attached  to  the  bar,  and  the  level- 
tube  is  mounted  on  top  of  the  bar.  The  telescope  is  attached 
firmly  to  the  uprights  so  that  the  whole  structure  is  ri<nd.  At- 
tached to  one  of  the  uprights  is  a  projecting  piece  with  which  one 
end  of  the  level  is  connected  in  such  a  way  as  to  permit  of  a 
slight  horizontal  movement.  The  other  end  of  the  level- tube  i« 
fixed  with  two  capstan -headed  nuts  to  permit  of  vertical  adjust- 
ment. 

A  clamp  and  slow-motion  screw  should  be  attached  Lo  tho 
center.  This,  while  not  an  absolute  necessity,  \\ill,  \\hen  clamped, 
prevent  unnecessary  wear  on  the  center  when  (he  instrument  is 
carried  upon  the  shoulder.  The  telescope  may  he  either  erect ino; 
or  inverting,  but  the  latter  is  to  be  preferred. 

The  dumpy-level,  though  not  as  convenient  in  its  adjust- 
ments as  the  Wye-level,  will,  nevertheless,  when  properly  adjust- 
ed, give  equally  good  results;  while  on  account  of  its  simplicity  and 
compactness,  it  is  not  so  liable  to  Lave  its  adjustments  disturbed. 

Adjustments.  The  adjustments  of  the  dumpy-leve!  are  two 
in  number  and  should  be  made  in  the  following  order: 

1.     To  make  the  axis  of  the  bubble-tube  perpendicular  to  the 
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2.  To  make  the  line  of  collimation  perpendicular  to  the 
vertical  axis  of  the  instrument. 

To  make  the  first  adjustment,  set  up  the  instrument  firmly 
in  a  position  shaded  from  sun  and  wind.  Turn  the  telescope  over 
a  pair  of  opposite  plate  screws,  and  by  means  of  these  screws 
bring  the  bubble  accurately  to  the  center  of  the  tube.  Repeat  the 
operation  over  the  other  pair  of  screws,  and  so  on  alternately  over 
each  pair  of  screws,  until  the  bubble  remains  as  nearly  as  possible 
in  the  center  of  the  tube  for  both  positions  of.  the  telescope,  care 
being  taken  not  to  swing  the  telescope  through  more  than  90  de- 
grees. 

Now  turn  the  telescope  accurately  over  a  pair  of  opposite 
plate  screws  and  after  leveling  carefully,  swing  the  telescope 
through  180  degrees  directly  over  the  same  pair  of  screws.  If  the 
bubble  remains  in  the  center  of  the  tube,  the  adjustment  is  com- 
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plete.  If  the  bubble  does  not  remain  in  the  center  of  the  tube, 
bring  it  one-half  way  back  to  the  center  by  means  of  the  vertical 
capstan  -headed  sciews  at  one  end  of  the  tube,  and  the  remainder 
of  the  distance  by  the  leveling  screws.  Now  repeat  the  test  and 
adjustment  until  the  bubble,  remains  in  the  center  of  the  tube 
through  all  positions  of  llie  telescope. 

The  second  adjustment  of  tho  dumpy-level  must  be  made  by 
the  '-IVo;  Method".  Select  a  piece  of  ground  as  nearly  level  as 
possible  and  lay  out  a  straight  lino  upon  it,  from  4:00  to  000  feet 
in  length,  drivino  a  stake  at  each  end  and  at  the  center.  Set  up 
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the  level  over  the  miter  stake  and  after  leveling  carefully  direct 
the  telescope  to  the  rod  held  upon  N  (see  Fig.  4:$),  and  take  the 
reading  by  the  target.  Now  direct  the  telescope  to  the  rod  held 
at  M  and  take  the  reading.  The  difference  of  these  two  rod  read- 
ings at  N  and  M  will  join  the  two  differences  of  elevations,  no 
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Now  set  up  the  instrument  within  about  twenty  feet  of  the 
stakes,  as  M",  and  take  the  rod  reading;  carry  the  rod  to  M  and 
take  the  reading.  If  the  difference  of  these  last  two  readings  is 
the  same  as  before,  the  line  of  collimation  is  in  adjustment;  if  not, 
correct  nearly  the  whole  error  by  means  of  the  upper  and  lower 
capstan -headed  screws  attached  to  the  diaphrag  n  carrying  the 
cross-hairs.  Eepeat  the  test  and  correction  sever? i  times  until  the 
difference  of  elevation  from  both  positions  of  the  i  istrument  agree. 

It  may  be  well  to  note  right  here  that  the  se  ond  adjustment 
of  the  Wye-level  may  be  made  by  the  "  Peg  Method,"  but  it  is 
thought  that  the  method  given  is  the  more  convenient. 

The  Precise  Spirit  Level.  The  description  of  this  instrument 
which  is  shown  in  Fig.  44  is  taken  from  the  catalogue  of  the 
makers,  F.  E.  Brandis,  Sons,  &  Co. 

The  principle  underlying  the  construction  of  the  instrument 
is  that  the  telescope  can  be  moved  in  a  vertical  plane  about  a  hor- 
izontal axis  by  means  of  a  micrometer  screw.  This  construction  is 
especially  adapted  to  the  object  in  view,  viz:  of  multipl\  ing  the 
pointings  on  a  mark  either  in  the  horizon  of  the  lustrum  knt  or  at 
an  angle  above  or  below. 

The  superstructure  consists  of  two  uprights  joined  somewhat 
below  their  middle  by  a  horizontal  plate.  The  upper  portions  of 
the  uprights  are  fashioned  into  Y's,  and  carry  the  telescope  ami  the 
striding  level;  the  lower  portions  are  cut  out  HO  as  to  leave  guide 
pieces  passing  outside  the  lower  plate.  A  capstan-headed  pivot 
screw  passes  through  each  guide  piece  at  one  end  into  small  sock- 
ets in  the  fixed  plate.  Passing  through  the  fixed  plate,  the  mi- 
crometer screw  moves  between  the  guide  pieces  at  the  ot  her  end 
and  abuts  against  a  small  steel  surface.  The  fixed  plate  carries  a»i 
index,  and  one  of  the  guide  pieces  a  corresponding  ncale  to  register 
the  whole  terms  of  the  micrometer,  and  also  a  pointer  for  reading 
the  subdivisions  of  the  micrometer  head  of  which  there  are  100. 

The  Qurley  Binocular.  The  binocular  hand  level,  as  the 
word  implies,  is  a  hand  level  with  a  double  telescope  attached.  It 
^s  similar  to  the  monocular  hand  level  in  many  respects,  except  it 
is  provided  with  screw  centering  and  focusing  adjustment  and 
can  be  adjusted  to  the  different  widths  of  the  eye,  avoiding  all 
strain  to  the  ocular  muscles. 
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Adjustment.  Follow  the  principles  as  laid  down  concerning 
the  Locke  hand  level. 

The  Qurley  Monocular  Hand  Level.  This  instrument  is  a 
telescope  hand  level,  by  which  readings  are  more  definitely  deter- 
mined on  a  rod  at  some  distance  than  is  possible  with  the  ordinary 
hand  level. 


Adjustment.  Follow  the  principles  as  laid  do\\n  relative  to 
the  Locke  hand  level. 

«'  Setting  up"  the  Instrument.  The  term**  setting  up  the 
level  "  means  to  place  it  in  position  to  secure  horizontal  sights.  To 
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equal  distances  apart  so  as  to  make  the  leveling  plate  horizontal. 
Bring  the  telescope  directly  over  and  in  line  with  the  two  leveling 
screws  between  the  plates  and  opposite  each  other.      As  you  staad 
facing  the  instrument  turn  the  thumb  of  the  left  hand  in  the  di- 
rection of  the  motion  of  the  bubble  and  turn  both  thumb  screws 
towards  or  away  from-  each  other,  being  careful  not  to  strain  the 
level  plates  by  having  the  leveling  screws  too  tight.    These  screws 
bear     firmly      upon      the     plates     and     should     move 
ise  ana   smoothness,  but     there  should  be   no    movement 
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of  the  vertical  axis  of  the  instrument.  TUMI  (lie  MTews 
until  the  bubble  appears  along  the  ordinal  ions  of  the  hub- 
ble  tube  and  bring  it  to  the  mi<lille,  then  turn  the  telescope  at 
right  angles  to  these  two  screws  and  over  the  oilier  t\\o.  In  like 
manner  perform  the  same  operation  as  before.  Tin-:  \\ill  eau^e  llie 
bubble  to  run  away  from  its  former  position;  brino*  the  huhhle  ac- 
curately in  the  center  of  the  tube  over  these  screws,  that  is,  ha\  - 
ing  equal  spaces  on  each  side  of  the  zero  of  the  scale,  then  turn 
the  telescope  over  the  former  screws  and  bring  the  bubble  in  the 
center.  Do  this  several  times  until  the  bubble  remains  stationary 
at  any  angle  the  telescope  may  turn;  to  test  this,  turn  the  telescope 
half  way  around  and  see  if  the  bubble  moves;  should  it  remain 
stationary,  the  instrument  is  level.  The  level  is,  with  few  excep- 
tions, never  tVLaCed  in  ll'nft  fmfPPTlt  whi-m  liMinrr  u/linatufl  nn/lur  fTiti 
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peg  method).     It  is  usually  placed  in  some  convenient  spot  where 
the  greatest  number  of  horizontal  sights  can  be  secured.        As  al- 
ready stated,  the  tripod  legs  must  be  so  placed  as  to  make  the 
plates  horizontal.       This  will  save  time  in  bringing  the  bubble  in 
its  proper  position.       Should  it  be  required  to  set  up  the  instru- 
ment on  the  side  of  a  hill,  place  one  leg  at  an  altitude  and  the  other 
two  in  apparent  line   with   each  other    (  see   Figs.  45  and  46 ), 
but  where  the  tripod  is  adjustable  the  proper  method  is  apparent. 
After  the  instrument  is  set  up  and  leveled,  focus  the  eye- 
piece upon   the  wires  and  focus  the  object-glass  on  the  rod  by 
means  of  the  screw  placed  for  that   purpose  on  the  top  or  side  of 
the  telescope        Care  should  be  taken  not  to  take  a  reading  until 
the  bubble   has  been  carefully  observed  and  brought  in  the  exact 
center  of  the  bubble  tube.    When  this  is  completed,  sight  through 
the  telescope  and  note  the  rod  reading  or  set  the  target  rod;  again 
look  at   the  bubble  and  see  if  it  has  moved  away  from  its  former 
position;  if  not,  again  sight  on  the  rod  and  see  if  the  first  observa- 
tion was  correct.     Should  the  intersection  of  the  cross-hairs  fail 
to  coincide   with   the  horizontal  and  vertical  lines  of  thet  target  or 
the   center  of  the  rod,  the  rod  man  is  to  incline  the  rod  by  the  sig- 
nals of  the  observer,  until  it  coincides  or  is  in  line  of   collimation. 
Care  of  the  Instrument.     This  duty  properly  belongs  to  the 
instrument  man  or   leveler,  and  the  requirements  should  be  thor- 
oughly understood.      While   in    the  field,  the   instrument   remains 
di^tlie    tripod  and   is  carried  from   place   to  place  as  the  work  re- 
quires,    but  when    taken   any  distance,   such  as  on  railway  trains, 
street   cars,   etc.,    it  should  he  carefully  placed   in  the  box  and  car- 
ried   hy  one  who  is   capahle  of  giving  it  proper  care  and  attention. 
The    instrument  man  being  responsible  for  the  instrument,  it 
is    natural,  ami    perhaps  best,    that  he  should  al  \vajs  carry  the  in  - 
stnimenl.        In   fact,  the  greatest  amount  of  precaution  should  be 
exercised  in  the  care  of  the  instrument,  both  in  the  field  and  while 

conveying  it. 

Instruments  in  general,  the  level  in  particular,  should  never 
be  unduly  exposed  to  the  rays  of  the  sun,  as  this  will  have  a  tend- 
ency to  throw  its  various  sensitive  parts  out  of  adjustment,  there- 
fm.*  wliMm-vm-  nossible.Dlace  the  instrument,  whether  it  is  on  the 
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The  leveler  should  always  exercise  great  care  not  to  disturb 
the  instrument  after  it  is  set  up  and  should  avoid,  as  much  as 
possible,  walking  around  it  unreasonably,  especially  if  the  ground 
is  soft,  or  the  position  of  the  instrument  not  very  firm.  This  ap- 
plies to  all  persons  whether  in  the  active  performance  of  duty  or 
not.  It  is  frequently  necessary  to  set  up  the  instrument  in  places 
such  as  loose  timber,  rocks,  etc.,  thus  the  importance  of  this  care  is 
apparent.  If  disturbed  to  any  great  extent  it  will  be  necessary  to 
relevel  it,  and  if  the  position  of  the  legs  of  the  tripod  is  disturbed, 
the  entire  work  must  be  done  over,  because  the  height  of  the  instru- 
ment will  not  be  the  same  as  in  its  former  position.  Should  the  in- 
strument  be  disturbed  after  a  turning  point  has  been  established 
and  its  elevation  ascertained,  it  will  only  be  necessary  to  take  a 
reading  on  the  last  turning  point  to  determine  the  new  height  of 
the  instrument.  After  leveling,  the  instrument  man  should  keep 
his  hands  off  the  instrument  except  for  the  purpose  of  leveling  and 
adjusting  the  telescope.  He  should  not  make  a  practice  of  leaning 
his  weight  on  the  tripod.  It  is  often  necessary  to  send  instruments 
great  distances,  and  in  so  doing,  in  no  case  should  it  bo  sent  by 
express  or  freight  without  first  being  properly  packed  and  seen  rod 
against  breakage;  because  of  its  fine  construction  and  sensitive- 
ness it  may  get  out  of  adjustment  to  such  an  extent  as  to  render 
it  impossible  to  readjust  it  for  good  work  by  any  method  known 
to  the  engineer,  and  may  become  worthless  and  beyond  repair  even 
to  an  instrument  maker. 

The  student  should  appreciate  that  the,  care  of  the  instrument 
is  just  as  important  to  good  work  as  its  original  excellence. 

Leveling.  To  determine  the  diilWcnco  in  elevation  between 
two  points,  both  of  which  are  visible  from  a  single  position  of  the 
instrument,  set  up  the  instrument  in  such  a  position  that  the  rod 
held  upon  either  point  will  he  visible.  Now  send  the  rod  to  one 
of  the  points  as  at  A  in  Fig.  48;  direct  the  telescope  upon  it  and 
take  the. rod  reading;  now  direct  the  telescope  to  the  rod  hold  at 
B  and  again  note  the  reading.  Evidently  the  difference  of  the  rod 
will  give  the  difference  in  elevation  of  the  two  points. 

If  the  points  are  too  far  apart  or  if  the  difference  of  elevation 
is  too  great  to  be  determined  from  one  setting  of  the  instrument, 
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desired  to  find  the  difference  of  elevation  of  A  and  C  in  Fig  47, 
C  being  too  far  below  A  to  permit  of  being  read  upon  both  points 
from  a  single  position  of  the  instrument.  Set  up  the  instrument 
(not  necessarily  on  line  from  A  to  0)  in  some  position  such  that 
the  line  of  sight  will  strike  the  rod  as  near  its  foot  as  it  is  pos- 
sible to  take  a  reading:  send  the  rod  to  some  point  B  such  that 
the  line  of  sight  will  strike  the  rod  near  the  top  when  extended. 
The  difference  of  these  rod  readings  will  give  the  difference  of 
level  of  A  and  B.  Now  carry  the  instrument  to  some  point  such 
that  rod  readings  can  be  taken  upon  B  and  C.  The  difference  of 
the  rod  readings  upon  B  and  C  added  to  the  difference  of  rod  read- 


Fig.  47. 


ings  upon  A  and  B  will  give  the  difference  of  level  of  A  and  C, 
proper  attention  being  given  to  signs. 

J  I'  the  line  of  levels  is  very  extended  the  above  method  is 
awkward,  as  Home  of  the  differences  will  be  positive  and 
some  negative.  (Choose  some  plane  called  a  datum  plane,  such 
that  all  of  the  points  in  the  line  of  levels  will  lie  above  it. 

Beginning  at  the  point  A,  assume  the  elevation  of  the  point 
above  the  datum  plane.  Head  the  rod  held  upon  A,  and  the  read- 
ing added  to  the  assumed  elevation  will  give  the  height  of  the 
cross-hairs  above  the-  datum  plane,  called  the  ^height  of  instru- 
ment1' (ILL).  Now,  turn  the  instrument  upon  the  point  B  and 
read  the  rod  and  it  is  evident  that  this  last  rod  reading  subtracted 
from  the  height  of  instrument  will  give  the  elevation  of  B  above 
the  datum  plane.  Next  move  the  instrument  beyond  B,  or  at 
least  where  it  can  command  a  view  of  B  and  C  and  again  sight  to 
the  rod  held  upon  B.  This  last  rod  reading  added  to  the  elevation 
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reading  at  0  is  subtracted  will  give  the  elevation  of  0  above  the 
datum  plane.  Fig.  48  will  make  the  method  of  procedure  apparent. 
Eeferring  now  to  that  figure,  the  first  rod  reading  taken  upon 
the  point  A  is  ordinarily  called  a  "back-sight"  and  the  first  read- 
ing taken  upon  B  is  called  a  "fore-sight".  There  seems  to  be  no 
good  reason  for  adhering  to  this  method  of  distinguishing  between 
the  rod  readings  and  it  is  illogical  and  misleading.  A  back  sight 
is  not  necessarily  taken  behind  the  instrument,  that  is,  in  a  direc- 
tion contrary  to  the  progress  of  the  survey,  neither  is  a  fore-sight 


1 

1 

y 

Do  turn  Plant 

Fig.  -is. 

necessarily  taken   in   front  of   the   instrument .      It,  is  more  logical 
and  less  misleading  to  des imiate   these  rod  readings  1>\   the  terms 

CJ  ~  r"1  «' 

"plus-sight"  and  "minus-sight". 

A  plus-sight,  therefore,  is  one  taken  upon  a  point  of  km>\\n 
or  assumed  elevation,  to  determine  the  height  of  instrument. 

A  ininus-sitrht  is  one  taken  upon  a  point  of  unknown  elevation 
and  which,  subtracted  from  the  height  of  instrument,  \\ill  oivethe 
required  elevation. 

A  "bench-mark"  (B.M.)  is  some  object  of  a  permanent 
character,  the  elevation  of  which,  together  with  its  location,  is 
accurately  determined  for  future  reference  and  for  cheek i no;  the 
levels. 

A  "peg",  "hub",  or  turning  point"  (T.P.),  is  a  point  used 
for  the  nurnosa  of  ' 
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turning  point  may  be  taken  upon  a  bench-mark,  but  is  oftener 
taken  upon  the  top  of  a  spike  or  stake  driven  into  the  ground. 

'  If  a  self-reading  rod  is  used,  the  instrument  man  will  carry 
the  notebook  and  record  the  rod  readings  as  they  are  observed. 
The  leveler  should  cultivate  the  practice  of  calculating  the  ele- 
vations of  his  stations  as  the  work  progresses,  thereby  enabling  him 
to  discern  errors  when  they  occur. 

If  a  target  rod  is  used  upon  the  work,  the  rodman  should  also 
carry  a  notebook  in  which  he  should  at  least  enter  all  readings 
upon  turning  points  and  bench-marks  and  check  up  with  the  in- 
strument man  at  every  opportunity.  Under  the  circumstances, 
the  instrument  man  is  more  or  less  dependent  upon  his  rodman 
for  the  correct  reading  of  the  rod  and  when  an  inexperienced  rod- 
man must  be  employed,  the  self -reading  rod  will  give  the  better 
results. 

The  limit  of  range  of  an  ordinary  leveling  instrument  is  about 
400  feet,  and  sights  should  not  be  taken  at  a  greater  distance. 

The  method  of  keeping  the  field  notes  for  the  work  above  out- 
lined is  given  below.  A  level  notebook  especially  adapted  to 
the  purpose  should  be  procured,  the  notes  entered  on  the  left-hand 
paijres,  the  rio;ht-hand  pages  being  reserved  for  remarks,  sketches, 
etc. 

STA.  H    S  II.  I.  —  S          ELEV. 

A  0.(>r>()  lOOO.I'MO  1000.00  ©  K.    K.    cor. 

I!  l.^r>0  WW.UO  S.7(iO        IWLSOO  of  abutment 

(1  ;l;iX()  DS7J570  7.sr)()        (,)So.2(.)()  Main    street 

I)  U.570       D7S.100  bridge. 

It  will  be  noticed  that  the  algebraic  sum  of  the  plu>  and 
minus  readings  equals  the  difference  of  elevation  of  the  first  and 
last  stations,  and  these  quantities  should  be  checked  as  often  as 
possible  to  discover  errors  in  addition  or  subtraction. 

Profile  Leveling.  The  method  of  profile  leveling  is  the  same 
in  principle  as  above  outlined,  but  the  details  of  field  work  are  a 
little  different. 

In  this  sort  of  work  it  is  intended  to  determine  a  vertical 
00^;™  nf  flu*  m-miml  flhnvp  a  rtatvmi  nlane.  To  this  end.  rod  read- 
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are  plotted  and  the  points  connected,  the  resulting  irregular  line 
will  closely  approximate  the  actual  line  of  the  surface. 

Profile  levels  are  usually  run  in  connection  with  a  transit  or 
chain  survey  of  the  line,  the  positions  of  the  points  being  first 
established  upon  railroad  surveys.  These  points  are  usually  100 
feet  apart  unless  the  ground  is  very  irregular,  when  they  may  be ' 
50  or  25  feet  apart  or  even  less,  the  points  being  indicated  by 
stakes.  Upon  sewer  or  street  work  they  should  seldom  be  more 
than  50  feet  apart  and  the  readings  should  be  taken  with  the  rod 
held  upon  the  ground. 

Fig.  49  will  illustrate  the  difference  between  profile  leveling 
and  the  first  system  outlined,  sometimes  called  differential  leveling 
or  "peg"  leveling.  Referring  now  to  that  figure  A  13  is  the  datum 


Fig.  49. 

plane  and  the  full  lines  at  0,1),  and  K  represent  positions  of  the 
rod  for  turning  points.  Assuming  the  elevation  of  thn  point  (I, 
the  rod  is  held  upon  it  and  the  reading  titled  to  the  elevation  for 
the  height  of  instrument.  The  rod  is  then  earned  sueeesyivel y  io 
the  points  </,  1>,  c,  d,  and  each  reading  is  in  turn  .subtracted  from 
the  height  of  instrument  at  C,  to  o;et  the  elevations  of  llieso  points. 

The  rod  is  then  held  upon  the  point  I),  the  instrument  moved 
and  the  plus-sight  upon  I)  added  to  the  elevation  for  tho  ne\v 
height  of  instrument.  Tho  rod  readings  upon  /•,  /',  y,  7^,  /,  etc.. 
are  then  each  subtracted  from  this  new  height  of  instrument  for 
elevations. 

This  figure  illustrates  the   improper   use  of   ll>"  terms  back- 

airrlif     .jii<4      •Fr\r./a    a  i"  ™Vi  f  TU^     «,v,l    „,.,,!: ,,     -  t      /  1  .17.. 


PLANE  SURVEYING 


61 


behind    the    instrument,    but    the  rod    reading  at  0  is  the  only 
plus-sight. 

The  method  of  keeping  the  field  notes  is  illustrated  below. 
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CROSS-SECTIONING. 


One  of  the  most  important  problems  that  confronts  the 
leveler  is  the  setting  of  "slope  stakes,"  called  cross -sectioning, 
from  which  may  be  determined  the  amount  of  earthwork  in  cut 
or  fill,  and  which  mark  the  extreme  limits  of  the  operations  of  the 
construction  corps  in  building  railways,  highways,  sewers,  canals, 
irrigation  ditches,  etc. 

The  problem  is  as  follows:  Given  the  required  width  of 
finished  roadbed  or  channel,  with  proper  side  slopes  (depending 


B 


20'-  - 

tf.  50. 


upon  the  kind  of  material),  it  is  required  to  determine  where 
these  side  slopes  will  intersect  the  natural  surface  of  the  ground 
with  reference  to  the  center  line  of  the  survey.  The  center  line  is 
defined  bv  stake,  carefully  alififned  and  leveled,  and  a  profile  of  it 


62 


PLANE  SURVEYING 


eievation  of  the  finished  roadbed  or  channel  with  reference  to  the 
natural  surface  of  the  ground. 

Let  us  assume  the  ground  to  be  level  transverse  to  the  center 
line.  Depth  of  cut  at  center  =  12  feet;  side  slopes  1|  feet  hori- 
zontal to  1  foot  vertical;  width  of  cut  at  bottom  =  20  feet.  See 

Fig.  50. 

Set  up  the  instrument  in  some  convenient  position  that  will 
command  a  view  of  as  much  ground  as  possible.  Hold  the  rod 
upon  the  ground  at  the  center  stake  and  note  the  reading.  Sup- 
pose  it  to  be  3.5  feet.  Now  if  the  ground  is  level,  the  distance 
from  C  to  B  is  evidently  10+(12xl£)  =28  feet  and  the  rod 
should  again  read  3.5  feet  when  held  at  B.  The  point  A  would 
be  found  in  the  same  way. 

The  notes  would  be  kept  as  shown  below. 
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22 

The  preceding  example  illustrates  one  of  the  simplest  cases 
that  occMir  in  practice.  Let  us  now  take  the  case  of  a  lino  located 
upon  the  side  of  a  hill.  See  Fig.  51. 

Depth  to  grade  at  center  (>  feet;  width  at  bottom  20  feet; 
side  slopes  1|  to  1.  As  before,  hold  the  rod  upon  the  ground  at 
C  and  determine  the  height  of  instrument  above  0.  Suppose  this 
to  be  5.5  feet.  Now,  if  the  ground  were  level  through  ()  it  would 
he  necessary  to  measure  to  the  right  10  +  ((>  X  1  A)  ~  ID  feet  to  tin* 
point  I)  and  the  rod  should  read  5.5  feet.  Instead  it  reads,  say 
2.8  feet.  We  know  therefore  that  we  have  not  gone  out  far 
enough  by  (5.5—2.8)  H  =  4.05  feet,  if  the  ground  were  level 
through  the  point  D,  bringing  us  to  the  point  E  where  the  rod 
should  read  2.8  feet.  Suppose  it  reads  2.3  feet.  We  must  then 
go  out  0.75  foot  farther,  each  move  bringing  us  closer  and  closer 


PLANE  SURVEYING 


63 


work  the  instrument  man  can  direct  the  rod  closely  enough  to  the 
point  B  for  all  practical  purposes.  "We  then  enter  the  notes  in 
the  second  line  of  the  record  shown  above. 

Upon  the  left  of  the  center,  these  operations  are  reversed. 
That  is  to  say,  we  measure  out  19  feet  and  instead  of  the  rod  read- 
ing 5.5  feet,  it  reads,  say,  8.5  feet.  We  know  then  that  we  are 
out  too  far  by  4.5  feet.  We  then  move  in  toward  the  center  the 


required  distance  and  read  the  rod  again,  noting  how  much  it  dif- 
fers from  S.T)  feet,  if  any,  and  enter  the  final  results  in  the  notes. 

A  third  case  is  shown  in  Fig.  52,  in  which  the  transverse 
slope  is  not  uniform.  The  method  of  procedure  is  the  same  as  in 
the  other  cases,  but  the  rod  should  be  held  at  the  point  where  the 
slope  changes  in  order  to  iind  its  height  above  grade.  Enter  this 
and  the  distance  out  in  the  third  line  of  the  notes. 

The  transverse  section  may  be  \er\r  irregular,  in  \\bich  ease 
it  imiy  be  neeessary  lo  lake  readings  at  several  points  in  order  to 


Fig.  52. 
calculate  the  area  of  the  sections  with  more  exactness.     At  times 
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compound  section.  Each  material  will,  of  course,  have  its  own 
proper  side  slope,  and  the  depth  and  extent  of  each  must  be  deter- 
mined  by  soundings. 

In  ease  the  section  is  in  fill  instead  of  in  cut,  the  method  is 
the  same  as  in  the  preceding  cases,  as  will  be  illustrated  in  the  fol- 
lowing examples.  Let  us  first  take  a  section  level  transversely. 

See  Fig.  53. 

In  this  case  the  finished  grade  is  to  be  9  feet  above  the  point 

•18' 1 


Now  since 


Fig.  53. 

C.  Hold  the  rod  at  C  and  suppose  it  reads  3.25  feet. 
the  ground  is  level  we  go  out  to  the  right  and  left 
=  22.5  feet  and  set  the  stakes  at  A  and  13  entering  the  record  in 
the  notebook  as  before,  except  that  now  the  numerator  of  the 
fraction  will  be  marked  —  instead  of  +. 

We  will  next  take  the  case  where  the  surface  of  the  ground 
has  a  transverse  slope.  See  Fig.  54.  Now  hold  the  rod  at  the 
point  0,  and  suppose  it  reads  9.25  feet.  Now  if  the  ground  were 


. le'-l 


Pig.  54. 

level  through  C  we  would  have  to  go  out  to  the  right  9  +  (6.25 
X  1.5)  =  18.4  feet  to  some  point  D.  But  there  the  rod  reads,  say, 
1.5  feet,  hence  we  know  we  are  out  too  far  by  7.75  X  1.5  =  11.63 
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say,  3.5  feet  and  we  move  out  again  2.0x1.5  =  3  feet.  Therefore 
we  move  back  and  forth  until  we  find  the  point  B  where  the  com- 
puted rod  reading  and  the  actual  reading  agree. 

Sometimes  it  will  be  found  that  a  part  of  the  section  is  in 
cut  and  a  part  in  fill,  but  methods  outlined  will  serve  in  any  case. 

The  distance  between  the  sections  longitudinally  will  depend 
upon  the  nature  of  the  ground.  On  uniformly  sloping  or  level 
ground  they  may  be  taken  100  feet  apart.  Over  uneven  ground 
it  may  be  necessary  to  take  them  as  closely  together  as  25  feet  or 
even  less.  In  the  sections  themselves,  a  sufficient  number  of  rod 
readings  should  be  taken  that  the  area  of  the  sections  may  be 
determined  with  reasonable  accuracy. 

After  the  field  work  is  completed,  the  notes  are  plotted, 
usually  upon  cross-section  paper,  and  the  areas  determined  either 
with  a  planimeter,  by  Simpson's  rule  or  some  other  method.  These 
sections  then  divide  the  earthwork  into  a  system  of  prismoids  of 
which  the  volume  must  be  calculated.  The  formula  for  calculat- 
ing volumes  is  known  as  the  Prismoidal  Formula  and  is  as  follows: 


in  which  /  =:  length  between  consecutive  sections,  A  =  one  end  sec- 
tion,  B  =  the  other  end  section  and  M  —  the  section  midway  be- 
tween  the  two.  The  result  is  given  in  cubic  yards. 

The  mistake  must  not  be  made  of  assuming  that  M  is  a  mean 
between  A  and  1>;  but  a  theoretical  .section  must  be  plotted  whose 
dimensions  are  a  mean  between  those  of  A  and  1>.  This  often 
results  in  quite  a  coin  plica  ted  problem,  and  various  other-  formulas 
have  been  devised  to  give  sufficiently  close  results  without  the 
labor  and  time  involved  in  the  preceding.  This  -will  be  treated  in 
detail  in  I  tail  road  Engineering. 
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PART  II 


The  meridian  plane  of  any  place  upon  the  earth's  surface 
is  a  plane  passing  through  the  zenith  of  the  place  and  the 
poles  of  the  earth.  A  true  meridian  is,  therefore,  a  line  lying  in 
this  plane,  and  would,  if  produced,  pass  through  the  poles. 

The  magnetic  meridian  plane  would  in  the  same  way  be 
defined  by  the  zenith  and  the  magnetic  pole  of  the  earth;  but  since 
this  pole  is  not  fixed  in  position,  the  magnetic  meridian  is  defined 
as  the  direction  of  the  line  indicated  by  the  position  of  the 
magnetic  needle. 

At  a  few  places  upon  the  surface  of  the  earth,  the  true  meridian 
and  the  magnetic  meridian  coincide  at  times,  but  for  the  most 
part  they  differ  in  direction  by  an  ever  varying  quantity.  The 
angle  at  any  place  between  the  true  meridian  and  the  meridian  as 
defined  by  the  magnetic  needle,  is  called  the  magnetic  declination 
for  that  place.  If  the  direction  of  the  magnetic  meridian  were 
constant,  or  if  the  changes  followed  any  particular  law,  it  would 
be  a  comparatively  simple  matter  to  determine  the  declination  for 
any  time  or  place.  The  variations  occurring  are  of  three  principal 
kinds— diurnal,  annual,  and  secular,  the  last  being  the  most 
important. 

Diurnal  Variation.  On  continuing  observations  of  the 
direction  of  the1  needle  throughout  the  day,  it  will  be  found  that 
the  north  end  of  the  neocllo  will  move  in  one  dhvrtion  from  about 
8  A.  M.  until  shortly  after  noon,  and  then  gradually  return  to  its 
former  position. 

Annual  Variation.  If  observations  be  continued  throughout 
the  year,  it  will  bo  found  that  the  diurnal  changes  vary  with  the 
seasons,  being  greater  in  summer  than  in  winter. 

Secular  Variation.  If  accurate  observations  on  the  declination 
of  the  needle,  in  the  sumo  place,  are  continued  over  a  number  of 
years,  it  will  bo  found  that  there  is  a  continual  and  comparatively 
constant  increase  or  decrease  of  the  decimation,  continuing  in  the 
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Besides  the  above,  the  decimation  is  subject  to  variations  more 
or  less  irregular,  due  to  local  conditions,  lunar  perturbations,  sun 
spots,  magnetic  storms,  etc. 

The  declination  in  any  part  of  the  United  States  may  be 
approximately  determined  by  consulting  the  chart  issued  from  time 
to  time  by  the  United  States  Coast  and  Geodetic  Survey.  (See 
chart,  page  132.)  Upon  this  chart  all  points  at  which  the  needle 
points  to  the  true  north  are  connected  by  lines,  called  agonic  lines 
or  lines  of  no  declination.  Lines  are  also  drawn  connecting  points 
of  the  same  declination,  called  isogonic  lines. 

The  isogonic  curves  or  lines  of  equal  magnetic  declination  (variation 
of  compass)  are  drawn  for  each  degree,  a  4-  sign  indicating  West  declination, 
a  —  sign  indicating  East  declination. 

The  magnetic  needle  will  point  due  North  at  all  places  through  which 
the  agonic  or  zero  line  passes,  as  indicated  on  the  chart. 

Before  undertaking  an  extensive  or  important  survey,  it  is 
the  first  duty  of  the  surveyor  to  determine  accurately  his  declina- 
tion. This  is  best  done  by  laying  out  a  true  meridian  upon  the 
ground  and  comparing  its  direction  with  that  indicated  by  the 
needle.  Before  describing  the  methods  of  laying  out  a  true 
meridian,  it  will  be  best  to  describe  the  compass. 

THE  COMPASS. 

Construction.  The  surveyor's  compass  consists  primarily  of 
a  circular  brass  box,  carrying,  upon  a  pivot  in  its  center,  a  strongly 
magnetized  needle  (see  Pig.  56).  The  inside  edge  of  the  box  on  a 
level  with  the  needle,  is  usually  graduated  to  half  degrees,  and 
smaller  intervals  may  be  "  estimated."  Two  points  diametrically 
opposite  each  other  are  marked  0°,  and  form  the  north  and  south 
ends  of  the  box,  the  south  end  being  indicated  by  the  letter  S,  and 
the  north  end  either  by  the  letter  N  or  by  a  fleur-de-lis  or  other 
striking  figure.  The  divisions  extend  through  90°  upon  both  sides 
of  these  points,  to  the  east  and  west  points  marked  respectively 
E  and  W.  The  east  side  of  the  box,  however,  is  on  the  left  as  the 
observer  faces  the  north  end;  this  is  because  the  needle  remains 
stationary  while  the  box  revolves  around  it.  The  divided  circle  is 
sometimes  movable,  being  fitted  with  a  clamp  and  tangent-screw 
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The  magnetic  needle  is  the  most  essential  part  of  the  compass. 
It  consists  of  a  slender  bar  of  steel,  usually  five  or  six  inches  long, 
strongly  magnetized,  and  balanced  on  a  pivot  so  that  it  may  turn 
freely  and  thus  continue  to  point  in  the  same  direction  however 
much  the  box  carrying  the  pivot  may  be  turned  around.  To  this 
end  the  pivot  should  be  of  the  hardest  steel,  ground  to  a  very 
fine  point,  or,  better  still,  of  iridium;  and  the  center  of  the  needle 
resting  upon  the  pivot  should  be  fitted  with  a  cap  of  agate  or  other 
hard  substance. 

To  distinguish  the  ends  of  the  needle,  the  north  end  is  usually 


Fig.  50. 

cut  into  a  moro  ornamental  form  than  the  south  end,  or  the  hitter 
end  may  bo  roco^nr/ed  by  its  carrying  a  coil  of  wire  to  balance  the 
"dip." 

Intensity  of  directive  force  and  sensitiveness  are  the  chief 
requisites  in  a  magnetic  needle,  and  nothing  is  gained  by  making 
a  needle  over  five  inches  in  length.  Indeed,  longer  needles  are 
liable  to  have  their  magnetic  properties  impaired  by  polarization. 
The  needle  should  not  come  to  rest  too  quickly.  Its  sensitiveness 
is  indicated  by  the  number  of  vibrations  that  it  makes  in  a  small 
soace  before  nomine  to  rest.  Should  it  come  to  rest  auicklv  or  be 
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is  weak  or  that  there  is  undue  friction  between  needle  and  pivot. 
The  under  side  of  the  box  should  be  fitted  with  a  screw  which, 
engaging  a  lever  upon  the  inside  of  the  box,  will  serve  to  lift  the 
needle  off  the  pivot  when  the  instrument  is  carried  about. 

The  sights  form  the  next  most  important  feature  of  the 
compass.  They  consist  of  two  brass  uprights,  with  a  narrow  slit 
in  each,  terminated  at  intervals  by  circular  apertures.  They  are 
mounted  directly  upon  the  compass-box;  or  the  bottom  of  the  box 
may  be  extended  at  each  end  in  the  form  of  a  plate,  and  the  sights 
XX  attached  at  the  ends  of  the  plates.  How- 

ever mounted,  the  sights  should  have 
their  slits  in  line  directly  over  the  north 
and  south  points  of  the  divided  circle. 
The  right  and  left  edges,  respectively,  of 
the  sights,  may  have  an  eye-piece  and  a 
series  of  graduations,  by  which  angles 
of  elevation  and  depression  for  a  range 
of  about  twenty  degrees  each  way  can 
be  taken  with  considerable  accuracy. 
This  device  is  called  a  tangent  scale, 
so  called  because  of  the  distance  of  the 
(  engraved  lines  from  the  O°  line  being 
tangents  (with  a  radius  equal  to  the 
distance  between  the  sights;  of  the 
angles  corresponding  to  the  numbers  of  the  lines. 

The  spirit  levels  may  be  placed  at  right  angles  to  each  othor 
in  the  bottom  of  the  compass-box,  or  mounted  in  tho  samo  way 
upon  the  plate. 

The  compass  is  usually  fitted  to  a  spindle  made  slightly 
conical,  which  has  on  its  lower  end  a  ball  turned  perfectly  spherical, 
confined  in  a  socket  by  a  pressure  so  light  that  the?  ball  can  bo 
moved  in  any  direction  in  leveling  the  instrument.  The  ball  is 
placed  either  in  the  brass  head  of  a  Jacob  staff,  or,  better,  in  the 
top  casting  of  a  tripod. 

A  plumb-bob  should  be  provided  with  the  instrument  to  center 
it  over  a  stake. 

A  telescope  is  sometimes  provided,  to  be  attached  to  one  of 
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line  of  sight.  The  compass  is,  however,  so  inaccurate  that  it  would 
seem  to  be  an  unnecessary  refinement. 

Prismatic  Compass.  This  is  a  form  of  compass  used  in 
general  where  merely  ordinary  work  is  required.  It  is  about 
3  inches  in  diameter  with  a  floating  metal  dial  (see  Fig.  57),  and  is 
provided  with  folding  sights  and  prism.  By  means  of  the  latter  it 
may  be  read  while  being  pointed.  This  is  especially  useful  when 
the  instrument  is  held  in  the  hand.  Although  it  can  be  mounted 
on  a  Jacob  staff,  it  is  usually  held  in  the  hand  and  carried  in  the 
observer's  pocket. 

Adjustment.  To  Adjust  the  Levels.  First  bring  the  bubbles 
to  the  middle  of  the  tube  by  the  pressure  of  the  hand  on  different 
parts  of  the  plate,  and  then  turn  the  instrument  half-way  round. 
If  the  bubbles  remain  in  the  middle  of  the  tubes,  the  tubes  are  in 
adjustment.  If  the  bubbles  do  not  remain  in  the  middle,  raise 
or  lower  one  end  of  the  tube  to  correct  one-half  the  error.  Eelevel 
the  instrument,  again  test,  and  apply  the  correction  as  before. 
Continue  the  operation  until  the  levels  are  in  perfect  adjustment. 

To  Adjust  the  Needle  to  the  "Dip."  While  the  compass 
is  still  in  a  perfectly  level  condition,  see  if  the  needle  is  in  a 
horizontal  plane.  Should  this  not  be  the  case,  move  the  small  coil 
of  wire  towards  the  high  end  until  the  needle  swings  horizontally. 

To  Adjust  tie  Sight- Vanes.  Observe  through  the  slits  a 
fine  hair  or  thread  made  exactly  vertical  by  a  plummet.  Should 
the  hair  appear  on  the  side  of  the  slit,  the  sight-vane  must  be 
adjusted  by  filing  its  under  surface  on  the  side  that  seems  the 
higher. 

To  Adjust  the.  Needle.  Having  the  eye  nearly  in  the  same 
piano  with  the  graduated  rim  of  the  compass-box,  bring  one 
end  of  the  needle  in  line  with  any  prominent  graduation  mark  in 
the  circle,  as,  for  instance,  the  zero  or  the  90-degree  mark,  and 
notice  if  the  other  end  corresponds  with  the  same  degree  upon  the 
opposite  side4;  if  it  does,  the  needle  is  said  to  ucut"  opposite 
degrees;  if  not,  bond  the  center  pin,  until  the  ends  of  the  needle 
are  brought  into  line  with  the  opposite  degrees. 

Then,  holding  the  needle  in  the  same  position,  turn  the 
instrument  half-way  round,  and  note  whether  the  needle  now  cuts 
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needle,  and  the  other  half  by  bending  the  center  pin.  The 
operation  of  testing  and  correcting  should  be  repeated  until  perfect 
reversion  is  secured  in  the  first  position.  This  being  obtained,  the 
operation  should  be  tried  on  another  quarter  of  the  circle;  if  any 
error  is  found,  the  correction  must  be  made  in  the  center  pin  only, 
the  needle  being  already  straightened  by  the  previous  operation. 
When  the  needle  is  again  made  to  cut,  the  test  should  be  tried  in 
the  other  quarters  of  the  circle,  and  the  correction  made  in  the  same 
manner,  until  the  error  is  entirely  removed  and  the  needle  will 
reverse  at  every  point  of  the  graduated  circle. 

Use.  In  the  operation  of  locating  points,  and  therefore  lines, 
by  angle-measuring  instruments,  two  operations  are  necessary: — 
(1)  to  measure  the  angle  at  the  instrument  between  some  given  line 
and  the  line  passing  through  the  given  point;  (2)  to  measure  the 
distance  from  the  instrument  to  the  given  point.  For  the  first 
operation  two  types  of  instrument  are  in  general  use  —  the 
compass  and  the  transit.  For  the  compass,  the  line  of  reference 
from  which  all  angles  are  measured  is  a  meridian,  and  the  angular 
deviation  from  this  line  is  called  the  bearing.  The  bearing  and 
length  of  a  line  are  collectively  named  the  course.  The  compass, 
therefore,  measures  bearings  directly  and  angles  indirectly. 

To  Determine  the  Bearing  of  One  Point  from  Another. 
"Set  up"  the  compass  over  one  of  the  points,  and  level  carefully, 
Turn  the  sight-vanes  in  the  direction  of  the  second  point,  with  the 
north  end  of  the  plate  ahead.  Hold  a  rod  upon  the  second  point, 
and  cover  it  with  the  slits  in  the  sight-vanes.  Now  lower  the 
needle  upon  the  pivot,  being  sure  that  the  instrument  is  still  level; 
allow  it  to  come  to  rest,  and  read  the  bearing. 

To  Survey  a  Series  of  Lines  with  the  Contpass.  "Set  up" 
the  compass  over  the  point  A,  with  the  north  end  of  the  plate 
ahead  (Fig.  58);  and  after  leveling,  turn  the  sight- vanes  to  cover 
a  rod  hold  upon  the  point  B.  Now  send  out  the  tape  in  the  direction 
of  B,  and,  sighting  through  the  slits,  signal  the  head  tapeman 
into  line.  Continue  this  until  the  point  B  is  reached.  Now  read 
and  record  the  bearing  and  the  length  of  the  line.  Take  up  the 
instrument,  and  carry  it  to  B.  Set  it  up  over  B,  with  the  north  end 
ahead,  that  is,  pointing  in  the  direction  of  the  survey.  Level,  and 
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Eead  the  bearing  as  a  check  upon  the  former  one,  but  reversed  in 
direction;  i.  e.,  if  the  bearing  from  A  to  B  was  north  by  east,  the 
bearing  from  B  to  A  will  be  south  by  west.  If  the  direct  and 
reversed  bearings  check,  turn  the  north  end  of  the  compass  to  cover 
a  rod  held  upon  0.  Eead  the  bearing,  measure  B  C,  take  the 
instrument  to  C,  and  proceed  as  before. 

If  at  any  station,  such  as  C,  the  direct  and  reversed  bearings 
do  not  agree,  take  the  instrument  back  to  B  and  again  take  the 
bearing  of  B  C.  If  they  still  disagree  it  indicates  local  attraction 
at  C.  Take  the  instrument  to  D  and  take  the  bearing  of  D  0, 
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comparing  it  with  the  bearing  of  0  D.  If  these  disagree,  record 
the  bearings  of  B  C  and  D  C  as  well  as  those  of  C  B  and  C  D. 
The  latter  should  check  the  former,  since  the  local  attraction  at  C 
will  affect  both  linos  equally;  and  the  correct  angle  between  the 
lines  can  bo  computed. 

Locating  a  series  of  lines  with  certain  lengths  and  bearings  is 
essentially  the  same  as  above',  except  that  after  the  compass  lias 
been  turned  in  the  proper  direction,  the  stations  must  be  brought 
into  proper  line. 

Here,  it  may  be  well  to  remark  upon  the  proper  method  of 
reading  and  recording  bearings.  Always  read  the  north  or  south 
end  of  the  plate  first;  i.  c.,  if  a  line  has  a  bearing  3.")°  east  of 
north,  it  should  bo  read  and  recorded  N  35°  E.  If  the  bearing  is 
90°  east  or  west  of  north  or  south,  record  the  bearing  as  E  or  "\V. 

The  Gunter's  chain  is  always  used  in  land  surveys  made  with 
the  compass,  and  deeds  and  records  of  such  surveys  are  based 
upon  the  Gunter's  chain  as  the  unit. 

Hints  liccmrduut  the   Use  of  the   Compass.     Sometimes,  as 
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etc.,  the  compass  cannot  be  set  upon  the  line.  In  such  a  case 
measure  off  equal  distances  at  right  angles  to  the  line,  and  find  the 
bearing  of  the  parallel  line;  the  length  should  be  measured  upon 
the  line  itself.  In  other  cases  it  may  be  more  convenient  to  set 
the  compass  or  rod  "in  line"  upon  the  line  produced,  or  upon  some 
intermediate  point  of  the  line. 

It  is  more  important  to  have  the  compass  level,  crosswise  of 
the  sights,  than  parallel  with  them. 

Avoid  reading  the  bearing  from  the  wrong  number  of  the  two 
between  which  the  needle  points,  as  for  iiistance  35°  for  25°. 

Check  the  vibrations  of  the  needle  by  gently  raising  it  off  the 
pivot  and  lowering  it  again  by  means  of  the  screw  on  the  under 
side  of  the  box. 

If  the  needle  is  slow  in  starting,  smartly  tap  the  compass  to 
destroy  the  effect  of  any  possible  adhesion  to  the  pivot  or  friction 
of  dust  upon  it. 

Avoid  holding  the  pins,  axe,  or  any  other  body  of  iron,  in 
close  proximity  to  the  needle. 

Should  the  needle  adhere  to  the  glass  after  the  latter  has  been 
dusted  with  a  handkerchief  or  has  been  carried  so  as  to  rub 
against  the  clothes,  the  trouble  is  due  to  the  glass  being  thereby 
charged  with  electricity  and  may  be  obviated  by  moistening  the 
finger  and  applying  it  to  the'glass. 

RELOCATION. 

Suppose  it  is  required  to  relocate  a  line,  110  trace  of  the  old 
survey  being  at  hand  except  the  given  line.  Now,  between  the 
date  of  the  old  survey  and  the  present,  the  declination  of  the  ncodlo 
has  changed  several  degrees.  The  first  duty  of  the  surveyor  is  to 
consider  this  question  very  carefully,  and  to  ascertain  the  probable 
amount  of  change  in  the  magnetic  needle.  Suppose  the  result  of 
his  inquiry  leads  to  N  38°  15'  E  as  the  bearing.  Starting  at 
corner  A,  Fig.  59,  the  surveyor  runs  a  random  lino  AS  on  the 
bearing  N  38°  15'  E,  and  measures  along  this  line  a  distance  of 
32  chains,  or  2,112  feet,  to  point  S.  On  arriving  at  S,  the  surveyor 
proceeds  to  look  over  the  ground  on  both  sides  of  this  point  for  a 
lost  corner,  which  is  described  in  the  old  record  as  a  monument, 


PLANE  SURVEYING  75 

no  trace  of  this  mark  can  be  found,  nothing  further  can  be  done 
from  the  data  at  hand.  However,  should  the  mark  be  found  at  m, 
a  perpendicular  is  dropped  upon  the  line  AS,  and  its  length  is 

measured,  as  is  also  the  distance  nS. 
It  is  now  evident  that  the  distance 
An  becomes  known.  From  the  right 
triangle,  the  angle  nAm  can  be  com- 
puted, and  the  present  magnetic  bear- 
Fig.  59.  ing  of  Am  can  be  determined. 

For  example,  suppose  that  mn  is  found  to  be  37.4  feet,  while 


An  is  2,110.5  feet,  then  tan.  nAm  =—i  —  =  0.01772,  whence  nAm 

A.72> 

=1°  01',  and  the  present  magnetic  bearing  of  Am  is  N  39°  16'  E- 
The  distance  Am  ==  -  '  10  ni/  =2,110.84  feet.  This  indicates 
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that  the  present  work  is  correct,  and  that  the  old  survey  was  in  error 
by  1.16  feet.  As  there  is  a  principle  of  law  that  establishes  corners 
and  monuments,  rosurveys  must  control;  therefore  the  new  record 
of  the  line  Am  is  N  39°  10'  E,  2,110.84  feet.  Intermediate  points 
of  the  line  Am  may  now  be  established  from  the  starting  point  Ax 
running  it  out  with  the  new  bearing. 

EXAMPLE   FOR    PRACTICE. 

Compute  the  distance  and  bearing  of  two  points  which  are  not 
intervisible.     Call  the  line  GH.     A  line  is  run  approximately  near 
H,  from  the  known  corner  Gr  to  a  point  A  which  is  visible  to  H; 
the  bearing  and  length  of  this  line  being  N  4:2°  LV  E,  714.3  feet 
AH  being  N  1°  08  '  E,  210.5  feet. 

Aus.  N  33°  14'  E,  883.24  feet. 

To  Find  the  Bearing  of  One  Line  to  Another.  Suppose,  in 
Fig.  GO,  that  of  the  traet  of  lauil  therein  described  there  has  been 
prepared  a.  rough  plot  upon  which  the  angles,  bearings,  and 
distances  as  taken  from  the  field  book  are  figured.  In  order  to  find 
the  bearing  of  one  line  to  another,  add  together  the  interior  angles 
formed  at  all  the  corners;  call  their  sums  a\  multiply  the  number 
of  the  sides  by  180°;  from  the  product  subtract  360°.  If  the 
rorn  m"  ml  i-vr  ia  ormnl  fn  n  fhiQ  iQ  TrrnrvP  that  the  fmo-l^s  hnvp  been 
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there  will  always  be  some  discrepancy,  but  if  the  field  work  has 
been  performed  with  reasonable  care  the  discrepancy  will  not 
exceed  two  minutes  for  each  angle.  In  this  case  divide  it,  in  equal 
parts,  among  all  the  angles,  adding  or  subtracting,  as  the  case  may 
be,  until  it  amounts  to  less  than  one  minute  for  each  angle,  when 
it  may  be  entirely  disregarded  in  common  farm  surveys. 

The  corrected  angles  may  now  be  marked  on  the  plot  in  ink, 
and  the  penciled  figures  erased.    We  shall  suppose  the  corrected 


Fig.  60. 


ones  to  be  as  shown  in  Fig.  60.  Next,  by  moans  of  these  corrected 
angles,  correct  the  bearings  also. 

Select  some  side,  the  longer  the  better,  from  two  ends  of  which 
the  bearing  and  the  reverse  bearing  agree,  thus  showing  that  the 
bearing  was  probably  not  influenced  by  local  attraction.  Let  side 
2  be  the  one  so  selected;  assume  its  bearing  N  75°  32 '  E,  as  taken 
on  the  ground,  to  be  correct;  through  either  end  of  it,  say  at  its 
farther  end  2,  draw  a  short  meridian  line,  parallel  to  which  draw 
others  through  every  corner. 

Now,  having  the  bearing  of  side  2,  N  75°  32'  E,  and  requiring 
that  of  side  3,  it  is  plain  that  the  reverse  bearing  from  corner  2  is 
S  75°  32'  W,  and  that  therefore  the  angle  1  2  m  is  75°  32', 
Therefore,  if  we  take  75°  32'  from  the  entire  corrected  angle  1  2  3, 
or  144°  57',  the  remainder  69°  25'  will  be  the  angle  m  2  3;  conse- 
quently the  bearing  of  side  3  must  be  S  69°  25'  E.  For  finding 


PLANE   SUKVBYING 


77 


bearing  of  side  3,  also  equal  to  69°  25',  and  if  we  add  this  to  the 
entire  corrected  angle  2  3  4,  or  to  69°  32'  we'have  the  angle  a  3  4 
=  69°  25'  +  69°  32'  =  138°  57',  which,  taken  from  180°,  leaves 
the  angle  I  3  4  =  41°  3 ' ;  consequently  the  bearing  of  side  4  must 
beS41°3/  W. 

For  the  bearing  of  side  5,  we  now  have  the  angle  3  4  o  =  41° 

3',  which,  taken  from  the  corrected 
c  angle  3  4  5,  or  120°  43',  leaves  the 
angle  o  4  5  =  79°  40',  consequently 
the  bearing  of  side  5  must  be  N  79° 
40'  W.    At  corner  5,  for  the  bearing 
of  side  63  we  have  the  angle  4  5  d  = 
JD  79°  40',  which,  taken  from  133°  10', 
leaves  the  angle  d  5  6  =  53°  30'; 
consequently  the  bearing  of   side  6 
Fig.  61.  must  be  S  53°  30'  W;  and  so  with 

each  of  the  sides.  Nothing  but  careful  observation  is  necessary  to 
see  how  the  several  angles  are  to  be  employed  at  each  corner. 
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FARM  SURVEYING. 

Method  of  Progression.  Farm  surveying  with  the  compass 
does  not  differ  in  any  essential  particular  from  the  methods 
outlined  for  surveying  a  series  of  lines.  If  the  boundary  lines  are 
irregular,  it  will  be  necessary  to  measure  offsets  at  proper  intervals, 
that  the4  included  area  may  be  calculated.  The  method  above 
described  is  known  as  the  method  of  progression. 

Method  of  Radiation.  The  method  of  radiation  consists  in 
setting  up  the  instrument  at  some  point  inside  or  outside  the  field, 
from  which  all  the  corners  are  visible  and  accessible,  and  then 
measuring  the  bearing  and  lengths  of  the  lines  to  these  corners. 
Fig.  01  illustrates  the  method.  Set  up  the  compass  at  the  point  O. 
and  take  the  bearings  and  lengths  of  the  lines  O  A.  O  B,  0  C, 
O  D,  and  0  E. 

Method  of  Intersections.  Lay  off  a  base-line  of  convenient 
length  inside,  or  outside  the  field,  from  which  all  the  corners  are 
visible.  Set  up  the  compass  at  one  end  of  the  base-line,  and  take 


PLANE  SURVEYING 

>  the  other  end  of  the  base-line,  and  take  the  bearings 
each  corner  in  succession.    Take  the  bearing  and  length 
oase-line.      Now,  when  these  bearings  and  lengths  are 
,  the  intersections  of  the  lines  will  define  the  corners. 
•oofs  of  Accuracy.    When  the  survey  of  a  field  is  plotted, 
if  the  end  of  the  last  course  meets  the  starting  point,  it  proves  the 
work,  and  the  survey  is  then  said  to  "close."     Errors  of  closure 
may  be  due  either  to  incorrect  lengths  of  lines  or  to  incorrect 
bearings,  or  to  both. 

Diagonal  lines  running  from  corner  to  corner  of  a  field  may 
be  measured  and  their  bearings  taken.  When  these  are  plotted, 
their  meeting  the  points  to  which  they  were  measured  proves  the 
accuracy  of  the  work. 

Finally,  the  accuracy  of  the  work  may  be  tested  by  calculating 
the  "latitudes  and  departures"  of  all  the  courses.  If  their  algebraic 
sum  is  equal  to  zero, ,  the  work  is  correct.  A  check  upon  the 
bearings  may  be  had  by  calculating  the  "deflection  angles"  between 
the  courses.  If  their  sum  is  equal  to  360  degrees,  the  bearings 
are  correct.  This,  however,  will  seldom  be  the  case.  A  certain 
amount  of  error  is  permissible,  depending  upon  the  nature  and 
importance  of  the  work. 

Field  Notes.  The  field  notes  may  be  recorded  in  various  ways, 
the  object  being  to  make  them  clear  and  full. 

1.  The  surveyor  may  make,  in  the  field  book,  a  rough  sketch 
of  the  sxirvey  by  eye,  and  note  on  the  lines  their  bearings  and 
lengths.     If  a  protractor  and  scale  are  available,  the  actual  boa  rings 
and  lengths  of  the  lines  may  be  plotted  in  the  notebooks,  as  well 
as  offsets,  etc. 

2.  Draw  a  straight  line  -up  the  page  of   the  notebook,  and 
record   on   it   the   bearings   and  lengths   of   the   linos.      Offsets, 
tie-lines,  otc,,  can  be  plotted  in  their  proper  positions. 

3.  Write  the    stations,    bearings,    and    xlistancos    in  three 
columns.     This  method  has  the  advantage,  when  appliod  to  farm 
surveying,  of  being  convenient  for  use  in  the  subsequent  calcula- 
tion of  contents,  but  does  not  give  facilities  for  noting  effects.     It 
is  illustrated  as  follows: 
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STATIONS. 

BEARINGS. 

DISTANCES. 

0 

N.  32°     E. 

16.82 

1 

S.  36°     E. 

18.90 

3 

S.  27^°  W. 

7.85 

4 

S.  16°      W. 

15.30 

Notice  that  distances  are  given  in  Grunter's  chains,  and  in 
calculating  content  the  result  will  be  given  in  square  chains,  which 
can  be  reduced  to  acres  by  pointing  off  one  decimal  place. 

To  Change  Bearings.  In  certain  kinds  of  work  with  the 
compass,  it  is  convenient  to  assume  one  of  the  lines  as  a  meridian, 
and  it  then  becomes  necessary  to  change  the  bearings  of  all  of  the 
other  lines  to  conform  with  the  assumed  meridian.  This  case  is 
best  illustrated  by  an  example. 

The  bearings  of  the  sides  of  a  field  are  here  shown:  Suppose 
now  that  the  first  course  is  assumed  as  a  meridian,  that  is,  that  ils 


STATIONS. 

BEARINGS. 

DISTANCES. 

1 

N.  35°      E. 

2.70 

2 

N.  83K°  E. 

1.29 

3 

S.  57°      E. 

2.22 

4 

S.  34>4°  W. 

3  55 

5 

N.  56^°  W. 

3.23 

bearing  is  due  north  ami  south.     llecpiired  the  bearings  of  the 
remaining  course's. 

Since  the  courses  are  changed  to  the  west  by  35\  the  new 
bearing  of  course  2  will  be  N  4^1°  E.  Of  course  3  it  will  be 
57°  +  35°  =  92°,  or  the  new  bearing  will  be  N  88°  E.  Of  course 
4  it  will  be  34|°  —  35°,  or  f  °  in  the  next  quadrant,  or  the  bearing 
will  be  S  f  E.  Of  course  5  it  will  be  561°  +  35°  =  91%°,  or  the 
bearing  will  be  S  884°  W. 

EXAMPLE   FOR  PRACTICE. 

The  bearings  of  a   series  of  courses   are  given  as  follows  i 
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It  is  required  to  determine  the  bearings  of  all  the  courses,  due 
to  this  change.    Find  bearings  and  plot  the  lines. 

Ans.    Course  2  =  N  62^°  E;  3  =  N  9°  W;  4  =  N  68°  W. 


STATIONS. 

BEARINGS. 

DISTANCES. 

1 

S.  21°  W. 

12.41 

2 

N.  83J^°  E. 

5.86 

3 

N.  12°  E. 

8.25 

4 

N.  47°  W. 

4.24 

Latitudes  and  Departures.  The  latitude  of  a  point  is  its 
distance  north  or  south  of  some  Hue  taken  &s  a,  parallel  of  latitude, 
or  line  running  east  and  west. 

The  longitude  of  a  point  is  its  distance  east  or  west  of  some 
line  taken  as  a  meridian ,  or  line  running  north  and  south. 

The  distance  that  one  end  of  a  line  is  north  or  south  of  the 
other  end  is  the  "  Difference  of  Latitude"  of  the  two  ends  of  the 
line,  and  is  called  its  northing  or  southing,  or  its  latitude. 

The  distance  that  one  end  of  a  line  is  east  or  west  of  the 
other  end  is  the  "  Difference  of  Longitude  "  of  the  two  ends  of  the 
line,  and  is  called  its  easting  or  westing,  or  its  departure. 

The  terms  Latitude  Difference  and  Longitude  Difference  have 
of  late  come  into  quite  general  favor;  but  while  they  aro  perhaps 
more  explicit,  they  are  certainly  cumbersome,  and  the  older  terms 
will  be  adhered  to  in  what  follows. 

In  Fig.  02,  N  S  represents  a  meridian, 
and  E  W  a  parallel  of  latitude'.  If  we 
take  the  lino  O  A,  its  bearing  as  given 
by  the  compass  is  tho  angle  NOA.  The 
latitude  or  northing  of  the  point  A  is 
therefore  A  B  =  O  A  cos  NOA.  Its 
departure  or  easting  is  O  B  =  O  A  sin  NOA. 
To  find  the  latitude  of  a  course, 
multiply  the  length  of  the  course  by  the 
natural  cosine  of  the  bearing;  and  to  find 
Fig.  62.  the  departure  of  any  course,  multiply  the 
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If  the  course  be  northerly,  the  latitude  will  be  north,  and  will  be 
designated  by  the  sign  +,  or  plus;  if  the  course  be  southerly,  the 
latitude  will  be  south,  and  will  be  designated  by  the  sign  — ,  or  minus. 

If  the  course  be  easterly,  the  departure  will  be  east,  and  will  be 
designated  by  the  sign  +,  or  plus;  if  the  course  be  westerly,  the 
departure  will  be  west,  and  will  be  designated  by  the  sign  — ,  minus 

Thus  in  the  figure,  OA  is  of  plus  latitude  and  plus  departure; 
OP  is  of  plus  latitude  and  minus  departure;  OD  is  of  minus 
latitude  and  minus  departure;  and  OO  is  of  minus  latitude  and 
plus  departure. 

For  calculating  latitudes  and  departures,  a  set  of  traverse 
tables  may  be  procured;  but  a  table  of  natural  functions  will  be 
satisfactory,  though  possibly  less  convenient. 

Testing  a  Survey  by  Latitudes  and  Departures,  It  is  evident 
that  after  the  surveyor  has  gone  completely  round  a  field  or  farm, 
measuring  all  the  lengths  and  bearings,  returning  to  the  starting 
point,  he  has  gone  as  far  north  as  south,  and  as  far  east  as  west. 
In  other  words,  if  the  work  has  been  done  correctly,  the  algebraic 
sum  of  the  latitudes  must  equal  zero,  and  the  algebraic  sum  of  the 
departures  must  equal  zero.  This  condition,  however,  will  seldom 
be  attained,  and  it  becomes  necessary  to  decide  how  much  error 
may  bo  permitted  without  necessitating  another  survey.  This  will 
depend  upon  the  nature  of  the  work  and  its  importance,  and  a 
surveyor  will  soon  determine  for  himself  his  factor  of  error, 
depending  partly  upon  his  instrument,  partly  upon  personal  skill, 
for  ordinary  cases.  If  it  is  necessary  to  depend  upon  a  "green"  hand 
to  carry  the  tape  or  chain,  this  may  prove  a  fruitful  source  of  error. 

We  shall  now  proceed  to  calculate  the  latitudes  and  departures 
of  the  survey  as  given  below.  Arrange  the  diagram  as  below  with 
seven  columns: 


STATIONS. 

HKUtlNUS 

DISTANCES. 

LATITUDES.                      DEPARTURES. 

N. 

S.           |           E. 

\v. 

1 

S.  21°  W. 

12.41 

11.591 

4  443 

2 

N  S3l^°  E 

5  86 

0  691 

5  819 

3 

N.  12°  E. 

8.25 

8  069 

1  716 

4 

N.  47°  W. 

4.24 

2  892 



3.104 

30  7fi 

11   R52 

11   591 

7  535 

7.547 
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The  cosine  of  the  bearing  of  course  1  is  0.934.12.4=1—11.591  — Latitude. 
The  sine  of  the  bearing  of  course  1  is  0.358.12.41=  4.443  —  Departure. 
The  cosine  of  the  bearing  of  course  2  is  0.118.5.86  ==  0.691  +  Latitude. 
The  sine  of  the  bearing  of  course  2  is  0.993.5.86  =  5.819  +  Departure. 
The  cosine  of  the  bearing  of  course  3  is  0.978.8.25  =  8.069  +  Latitude. 
The  sine  of  the  bearing  of  course  3  is  0.208.8.25  =  1.716  -f  Departure. 
The  cosine  of  the  bearing  of  course  4  is  0.682.4.24  =  2.892  +  Latitude. 
The  sine  of  the  bearing  of  course  4  is  0.732.4.24  =  3.104  —  Departure. 

The  latitudes  fail  to  balance  by  0.061  chains,  and  the  departures 
by  0.012  chains.  The  error  of  "closure"  of  the  survey  is  therefore 

|  2  2 

E=-y.061  +  .012  =  0.062  +  chains,  or  approximately  4.09  feet. 
This  sum  may  be  divided  up  among  the  courses  in  proportion  to 
the  length,  or  the  bearings  may  be  corrected,  or  partly  one  and 
partly  the  other,  as  will  hereafter  be  explained. 

Balancing  the  Survey.  Before  proceeding  to  t'he  calculation 
of  the  content  of  a  field  or  farm,  the  survey  must  be  balanced; 
that  is,  the  latitudes  and  departures  must  be  corrected  so  that  their 
sums  shall  be  equal,  or  shall  balance.  As  to  whether  the  bearings 
or  lengths  shall  be  corrected,  will  depend  somewhat  upon  the 
conditions  under  which  the  survey  was  made.  If  the  surveyor  has 
reason  to  think  that  the  error  is  entirely  in  the  bearing  of  one  or 
more,  or  even  of  all  of  the  courses,  the  corrections  may  bo  made 
accordingly.  If,  on  the  other  hand,  one  or  more  of  the  courses 
were  measured  over  difficult  ground,  it  may  be  presumed  that  the 
error  occurred  in  those  lines.  If,  however,  there  is  no  reason  to 
believe  that  one  course  is  in  error  more  than  another,  the 
differences  may  be  distributed  among  the  courses  in  proportion  to 
their  length,  according  to  the  following  proportions: 

As  the  length  of  any  course  is  to  the  siun  of  the,  lengths  of  all 
the  courses,  so  is  the  correction  of  the  latitude  of  that  course  to 
the  total  error  in  latitude  of  all  the  courses. 

As  the  length  of  any  course  is  to  the  sum  of  the  lengths  of 
all  the  courses,  so  is  the  correction  of  the  departure  of  that  course 
to  the  total  error  in  departure  of  all  the  courses. 

The  practical  application  of  these  proportions  to  balancing  a 
survey  will  be  illustrated  from  the  preceding  problem: 

For  course  1. . .  12.41  :  30.76  ::  x  \  0.061. . .  x  =  .0246,  correction  for  latitude. 
For  course  2. . . .  5.86  :  30.76  ::  x  :  0.061. . .  .x  ==  .0116,  correction  for  latitude. 
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For  course  3. ...  8.25  :  30.76  ::  x  :  0.061. . .  .x  =  .0164,  correction  for  latitude. 
For  course  4. ...  4.24  :  30.76  ::  x  :  0.061. . .  .x  =  .0084,  correction  for  latitude. 

Since  the  sum  of  the  north  latitudes  is  the  greater,  the  corrections  will  be 
subracted  from  them  and  added  to  the  south  latitudes.  That  is  to  say,  the 
correction  for  course  1  will  be  added  to  11.591,  the  result  being  11.6156. 
The  correction  for  course  2  will  be  subtracted  from  0.691;  that  for  course  3 
will  be  subtracted  from  8.069;  and  so  on. 

For  course  1. .  .12.41  :  30.76  ::  x  :  0.012. .  .x  =  .0048,  correction  for  departure. 
For  course  2. . .  5.86  :  30.76  : :  x  :  0.012. .  .x  =  .0023,  correction  for  departure. 
For  course  3.. ..  8.25  :  30.76  ::  x  :  0.012..  ..x  =  .0032,  correction  for  departure. 
For  course  4 —  4.24  :  30.76  ::  x  :  0.012 — x  =  .0017,  correction  for  departure. 

The  corrections  are  to  be  subtracted  in  this  case  from  the  west  departure 
and  added  to  the  east  departure. 

In  this  example,  the  errors  are  small,  but  often  they  will  be  so 
large  as  to  raise  doubt  as  to  the  accuracy  of  the  survey.  In  such  a 
case,  go  carefully  over  all  the  computations,  and,  if  the  error  is  still 
too  large,  check  the  exterior  angles  of  the  figure  (their  sums 
should  equal  360°),  and  if  necessary  repeat  the  survey.  Having 
corrected  the  latitudes  and  departures,  the  corrected  bearings  of  the 
courses  may  be  deduced  from  the  trigonometric  ratio: 

m       ,       .  corrected  departure 

Tan.  bearing  =  •    ,  ,  "^     ., — 

corrected  latitude 

Calculating  the  Content.  After  a  field  has  been  surveyed,  its 
content  may  be  calculated  by  dividing  it  up  into  triangles,  trape- 
zoids,  etc.,  calculating  the  various  contents,  and  adding  them 
together.  This,  however,  is  at  best  a  cumbersome  method,  involv- 
ing much  work  of  calculation  and  great  chance  of  error.  The 
method  of  latitudes  and  departures  is  at  once  simple,  easily  applied, 
and  easily  checked. 

Before  proceeding  to  develop  a  formula  for  this  method,  it  will 
be  necessary  to  illustrate  and  define  certain  terms. 

Draw  a  line,  as  N  8  (Fig.  63),  through  the  extreme  east  or  west 
corner  of  the  field  for  a  meridian.  From  the  definitions  previously 
given,  the  difference  of  longitude  of  the  two  ends  of  a  line  is  the 
departure  of  the  line.  I  B  is  therefore  the  departure  of  the  line 
A  B.  The  departure  of  the  line  B  G  is  L  C;  that  of  E  F  is  S  F; 
and  that  of  A  F  is  O  Q. 

The  perpendicular  distance  of  each  station  from  the  given 
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Fig.  63. 


west.    Thus  the  longitude  of  A  is  zero;  that  of  B  is  I  B;  that  of  C  is 
I  B  +  L  C;  that  of  E  is  O  Q  +  F  S;  and  that  of  F  is  O  Q  = 

ZS  —  FS. 

The  difference  of  latitude  of  the  two  ends  of  a  line  is  called  the 

latitude  of  the  line.  Thus  the 
latitude  of  A  B  is  A  I;  that 
of  BO  is  BL;  that  of  E  P 
isE  S. 

The  distance  of  the  middle 
of  any  side  of  a  field  from  the 
meridian  is  called  the  longi- 
tude of  that  side.  Thus  the 
longitude  of  the  side  A  B  is 
GH;thatofBCisJX  =  GH 
+  K  M  +  MX;  and  that 
of  A  F  is  WV  =  OR  —  QR 
—  QP,  the  minus  signs  being 
used  in  this  instance  because  the  lines  E  F  and  A  F  bear  to 
the  west.  An  analysis  of  W  V  will  show  that  it  equals  O  R 
(longitude  of  preceding  course)  +  [ —  R  Q  (one-half  departure  of 
preceding  course)]  +  [ —  QP  (one-half  departure  of  the  course 
itself)]. 

To  avoid  fractional  quantities,  double  the  preceding  expres- 
sions and  then  deduce  a  general  rule  for  finding  double  longitudes. 
The  double  longitude  of  the  first  course  equals  tho  departure? 
of  that  course,  The  double  longitude  of  the  second  course  equals 
the  double  longitude  of  the  first  course,  plus  tho  departure  of  the 
first  course,  plus  the  departure  of  the  second  course. 

The  double  longitude  of  a^y  course  equals  the  double  longi- 
tude ofthej>/'.'<-«7,',,,/  course,  plus  the  departure  of  the  ///• ' » •///•;/ 
course,  plus  the  departure  of  the  course  itself. 

We  shall  now  proceed  to  deduce  a  rule  for  determining  areas 
by  double  longitudes  and  departures,  and  shall  first  take  a  three- 
sided  field,  as  in  Fig.  64. 

Drawing  a  line  through  the  most  westerly  corner  A,  we  see 
that  the  area  of  the  field  will  be  the  difference  between  the  area  of 
the  trapezoid  D  B  C  M  and  the  combined  area  of  the  triangles 
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product  of  D  B  by  D  A,  or  the  double  longitude  of  A  B  by  the 
latitude  of  A  B.  The  resulting  product  will  be  north  or  plus. 
The  double  area  of  the  trapezoid  D  B  0  M  is  the  product  of  (D  B 
+  M  C)  =  2  G  H,  by  D  M,  that  is,  the  double  longitude  of  B  C  by 
its  latitude.  The  resulting  product  will  be  south  or  minus.  The 
double  area  of  the  triangle  ACM  will  be  the  product  of  M  C  by 


N 


Fig.  64. 


Fig.  65. 


A  M,  or  the  double  longitude  of  the  course  A  C  by  its  latitude. 
The  resulting  product  will  be  north  or  phis.  Adding  together, 
then,  the  plus  products,  and  subtracting  from  the  minus  product, 
gives  as  the  result  the  double  area  of  the  field. 

We  shall  next  take  a  four-sided  field,  as  in  Fig,  05. 

It  is  evident  that  the  area  of  the  field  A  B  C  D  is  the  difference 
between  the  sum  of  the  areas  of  the  two  trapexoids  T  B  C'  R 
and  RODE  and  the  sum  of  the  areas  of  the  triangles  A  B  T 
and  A  D  E. 

The  double  area  of  the  triangle  A  B  T  is  the  product  of  B  T 
by  A  T,  or  the  double  longitude  of  the  course  A  B  by  its  latitude. 
The  result  will  be  a  north  product  or  plus.  The  double  area  of  the 
trapezoid  T  B  0  R  will  be  the  product  of  (T  B  +  C  R)  —  2  L  P 
by  T  R — that  is,  the  double  longitude  of  the  course  B  C  by  its 
latitude.  The  result  will  be  a  south  product  or  in  urns.  The  double 
area  of  the  trapezoid  RODE  will  be  the  product  of  (R  C  +  D  E) 
=  2  F  K.  bv  R  E.  or,  the  double  longitude  of  the  course  0  D 


86 


PLANE  SURVEYING 


STA- 
TIONS 

BEARINGS 

DIS- 
TANCES 

LATITUDES 

N.         S. 

DEPARTURES 

E.         W. 

DOUBLE 
LONQI- 

TU  D  KS 

DOUBLE  AREAS 
+               - 

1 

S   2i°W. 

12  41 

11  616 

4  4,18 

—7.204 

83.682 

2 

N.88#°E. 

5  86 

0  679 

5.821 

—5.821 

3.052 

3 

N.  12°  E. 

8  35 

8.053 

1  719 

+  1.719 

13  843 

4 

N.  47°  W. 

4  24 

2  884 

3  102 

+0  336 

0  969 

98  494 

8  952 

2  |  94  5J2 

47  271 

AREA=47.271  SQ.  CHS.=4  ACRES,  2  ROODS,  37  SQ.  PERCHES. 


double  area  of  the  triangle  A  D  E  will  be  the  product  of  E  D  by 
A  E,  or  the  double  longitude  of  the  course  A  D  by  its  latitude, 
The  result  will  be  a  north  product  or  plus.  Finally,  adding 
together  the  north  products,  adding  together  the  south  products, 
and  taking  the  difference  of  their  sums,  gives  as  the  result  the 
double  area  of  the  field  A  B  C  D, 

The  same  principle  will  apply  to  any  enclosed  area,  however 
great  the  number  of  the  sides.  The  area  will  always  l>e  one-half 
the  difference  of  the  sums  of  the  north  and  the  soutli  products 
arising  from  Multiplying  the  douhle  longitude  of  each  course  In) 
its  latitude. 

For  systematic  computation  arrange  the  work  as  follows: 

Arrange  the  columns  as  in  the  problem  on  page  8,1. 

Balance  the  latitudes  and  dejfartuics,  putting  the  cio riveted  quantities 
above  the  others  in  red  ink;  or  else  arrange  four  additional  columns,  and  enter 
them  in  their  proper  places. 

Compute  the  double  longitude  of  each  course  with  leference  to  a 
meridian  passing  through  the  extreme  east  or  west  station,  and  place  the 
results  in  another  column. 

Multiply  the  double  longitude  of  each  course  by  the  corrected  latitude 
of  that  course,  and  place  north  products  in  one  column  and  south  products  in 
another. 

Add  together  the  north  products  and  also  the  south  products,  ami  take 
the  difference  of  their  sums.  Divide  the  difference  by  two,  and  the  result 
will  be  the  area  desired. 

If  the  survey  has  been  made  with  a  Gunter's  chain,  the  result  will  be 
in  square  chains.  Divide  by  ten  to  reduce  to  acres. 
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To  test  the  correctness  of  the  calculation,  assume  the  meridi. 
through  the  extreme  station  upon  the  other  side  of  the  field,  anc 
the  work  in  detail  as  before. 

We  shall  now  proceed  to  calculate  the  content  of  the  field  g 
by  the  notes  on  page  81.  The  corrections  to  the  latitudes  wil 
found  on  page  82,  and  the  corrected  departures  on  page  83. 

The  arrangement  of  the  columns  for  convenient  calculation  is 
as  described  on  page  86.  Upon  making  a  rough  sketch  of  the  courses, 
it  is  found  that  station  3  is  the  farthest  east;  and  therefore  the  double 
longitudes  will  be  calculated  beginning  with  course  3.  From  the 
definition  previously  given,  the  double  longitude  of  course  3  is  equal 
to  its  departure  =  +  1.719.  The  double  longitude  of  course  4 
equals  the  double  longitude  of  course  3,  plus  the  departure  of  course 
3,  plus  the  departure  of  course  4  =  1.719  -f-  1.719  +  (-  3.102)  = 
+  0.336.  The  double  longitude  of  course  1  equals  the  double  lon- 
gitude of  course  4,  plus  the  departure  of  course  4,  plus  the  departure 
of  course  1  =  0.336  +  (-  3.102)  +  (-  4.43S)  =  -  7.204.  The 
double  longitude  of  course  2  equals  the  double  longitude  of  course  1, 
plus  the  departure  of  course  1,  plus  the  departure  of  course  2  =  + 
(_  7.204)  +  (-  4.438)  +  5.821  =  -  5.821.  Multiplying  these 
double  longitudes  by  their  respective  latitudes,  gives  the  quantities 
in  the  last  two  columns,  the  first,  third,  and  fourth  being  positive, 
and  the  second  negative.  Taking  the  difference  of  the  sums  of  the 
quantities  in  these  columns,  and  dividing  the  result  by  2,  gives  the 
content  of  the  field,  47.271  square  chains.  Dividing  by  10  gives 
4.7271  acres.  Reduce  to  roods  and  perches  by  multiplying  the 
decimal  part  by  4  and  40  successively. 

The  result  may  now  be  checked  by  beginning  with  the  most 
westerly  station,  and  it  \\ill  be  necessary  to  recalculate  the  quantities 
in  the  last  three  coin  inns. 

The  following  problems  are  taken  from  "(iillespie's  Surveying" 
(Staley) : 

EXAMPLES    FOR    PRACTICE. 

Calculate  the  content  of  the  fields  from  the  data  tabulated 
below.  The  result,  where  found  in  square  metres,  should  be  reduced 
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(1) 


STATIONS. 

BEARINGS. 

DISTANCES. 

1 

N.  34J£°  E. 

2.73 

2 

N.  85°      E. 

1.28 

3 

S.  56%°  E. 

2.20 

4 

S.  34^°  W. 

3.53 

5 

N.  56^°  W. 

3.20 

(2) 


Ans.  1  acre,  3  roods,  19  perches. 


STATIONS. 

BEARINGS. 

DISTANCES. 

1 

N.  35°      E. 

2.70 

2 

N.  83^°  E. 

1  29 

3 

S.  57°      E. 

2.22 

4 

S.  34M°  W. 

3.55 

5 

N.  56i/£0  W. 

3.23 

(3) 


Ans.  1  acre,  0  roods,  15  perches. 


STATIONS. 

HEARINGS. 

DISTANCES. 

1 

S.    5°  35'  W. 

2,388  88  meters 

2 

S.39"  35'  W. 

1,000  27  meters 

3 

S.  50^  25'  E. 

3,078  .4U  meters 

4 

S.  79°    5'  E. 

325  00  meters 

5 

S.  5.T  50'  E. 

275  00  meteis 

6 

S.  48°  15'  W. 

200  00  meters 

7 

N.82"  45'  E. 

450  00  meteis 

8 

S.  87°  40'  E. 

180.72  meters 

0 

N. 

8,7(58  12  meters 

10 

N.84°  25'  W. 

1,898  54  meters 

11 

S.    5°  35'  W. 

3,530  .  (50  meters 

12 

N.84°  25'  W. 

257  50  meteis 

f     4,99C.)       acres 

Ans.  •<             *'j      roods. 

Supplying  Omissions.     The  method  of  latitudes  and  depar- 
.fl  irmv  hn  firmliprJ  to  snr)iilviner  anv  two  omissions  ill  the  field 
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notes,  as  will  be  explained  in  connection  with  the  "Use  of  the 
Transit." 

Azimuth.  The  azimuth  of  a  line  is  the  horizontal  angle 
which  the  line  makes  with  some  other  line  taken  as  a  meridian. 
It  differs  from  bearing  in  that  it  is  measured  continuously  from  0° 
to  360°.  All  descriptions  of  property  must  be  given  in  terms  of 
bearings,  but  line  surveys  with  either  the  compass  or  the  transit 
had  better  be  given  in  terms  of  the  azimuth. 

In  astronomical  and  geodetic  work  it  is  customary  to  reckon 
azimuth  from  the  south  point  around  through  the  west,  through 


N 


Fig.  66. 


300°.  For  the  ordinary  operations  of  surveying,  however,  it  is 
better  to  measure  the  azimuth  from  the  north  point  to  the  right 
through  360°, 

RESURVEYS. 

Where  the  boundary  lines  of  a  farm  or  town  ha\e  been  obliter- 
ated and  the  corners  lost,  it  is  often  necessary  to  make 
resnrveys  in  order  to  re-establish  them.  If  the  corners  can  he 
found  by  reliable  evidence,  they  must  be  accepted  as  corners  even 
though  the  second  bearings  and  lengths  of  the  lines  indicate 
different  points. 

It  sometimes  happens  that  some  corners  can  be  found  while 
others  cannot.  In  such  cast's  a  series  of  random  lines  is  to  be  run 
with  the  old  bearings,  or  with  the  old  bearings  corrected  for  a 
change  in  declination  of  the  needle  between  the  two  dates. 

As  an  example,  let  the  records  in  an  old  deed  give  the  length 
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A6  N  60°  B  10  chains. 
be  N  45°  E  4  chains. 
cd  S  45°  E  8  chains. 

There  being  no  definite  data  at  hand  to  determine  the  change 
in  the  magnetic  declination  between  the  dates  of  the  two  surveys, 
the  lines  AB,  BO  and  CD  are  run  with  the  given  bearings  and 
distances  from  the  known  corner  A.  The  old  corners  5  and  c 
cannot  be  found;  but  on  arriving  at  D  the  old  corner  d  is  discov- 
ered at  a  point  20.4  links  S  and  12°  W  from  D  It  is  required  to 
locate  the  old  corners  5  and  c. 

By  the  method  of  latitudes  and  departures  explained  before, 
the  lengths  of  the  lines  DA  and  dA  may  be  computed.  They  are: 
for  DA,  south  82°  47',  west  17.29  chains;  for  dA,  south  83°  26', 
west  17.22  chains. 

Now  the  error  Dd  between  the  two  corners  is  due  to  two 
causes:  (1)  the  continued  variation  in  the  magnetic  bearings  of  the 
old  surveys,  (2)  the  difference  in  the  length  of  the  chains  used. 
The  first  cause  alters  the  polygon  AlcdA.  around  the  point  A  by  a 
small  angle.  The  second  cause  alters  the  length  of  the  sides  in  a 
constant  ratio.  The  difference  between  the  bearings  DA  and  dA 
is  the  constant  angle,  while  the  ratio  of  the  length  of  the  old  lines 
is  the  constant  ratio.  To  find  the  bearings  of  the  old  line,  there- 
fore, each  of  the  given  bearings  is  to  be  corrected  by  the  amount 
83°  26'  minus  82°  47'  ==  0°  39'.  To  find  the  length  of  the  old 

17.22 
line  each  of  the  given  lengths  is  to  be  multiplied  by  -     '       —  0.996. 

J_   /  .juV? 

Suppose  now  that  the  work  of  computation  has  been  done 
with  such  precision  that  the  error  in  chaining  must  be  regarded  as 
lying  in  the  old  survey.  Applying  these  results,  we  find  the 
adjusted  bearings  and  lengths  of  the  old  line  to  be, 

Aft  =  N  60°  39'  E  9.96  chains. 

/„.   =  N  45°  39'  E  3.99  chains. 

c<f  =S  44°  21 '  E  7.97  chains. 

With  the  new  data  the  line  may  be  rerun  and  the  corners  5  and  c 
located,  a  check  on  the  field  work  being  that  the  lost  line  should 
end  exactly  at  d. 

It  is.  however,  not  difficult  to  com  mite  the  IpncH-.h  anrl 
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Since  the  angle  B  A  b  is  small,  the  triangle  B  A  b  may  be  con- 
sidered similar  to  the  triangle  D  A  d.  We  will  then  have  the  pro- 
portion : 

B  b  :  D  d  :  :  A  B  :  A  D. 


A  similar  proportion  may  be  written   for  the  side  B  c,  and   the 
result  added  to  the  value  of  B  b. 

The  same  principle  may  be  used  to  determine  the  bearings  of 
B  b  and  C  c,  so  that,  with  the  lengths  and  bearings  of  these  lines 
determined,  the  most  probable  location  of  the  old  corners  6  and  c 
can  be  fixed. 

EXAMPLE    FOR    PRACTICE.' 

The  records  of  an  old  survey  read  as  follows: 

"Commencing  at  a  point  marked  No.  5  and  running  N  62°  E 
14  chains  to  a  stake  marked  A,  thence  running  N  43^°  E  8.00  chains 
to  a  stake  marked  B,  thence  N.  5°  W.  12.00  chains  to  a  stake  C, 
thence  N  72i°  E.  10.25  chains  to  a  stake  D,  thence  S  12°  W  6.43 
chains  to  a  stake  marked  No.  3.  On  running  the  lines,  the  end 
of  the  last  one,  instead  of  being  at  a  stone  marked  No.  3,  was  0.62 
chain  due  E  from  it."  Find  the  adjusted  bearings  and  lengths 
of  the  old  lines;  also  find  the  distance  and  direction  from  each  station 
of  the  new  survey  to  the  corresponding  corner  of  the  old. 

DIVISION    OF    LAND. 

The  method  of  latitudes  and  departures  is  especially  useful  in 
the  division  of  land.  The  problem  is  usually  as  follows:  Given  the 
lengths  and  bearings  of  the  sides  of  a  field  containing  a  certain  area; 
it  is  required  to  divide  the  area  into  certain  parts  by  a  line  running  in 
a  certain  direction,  in  which  case  it  is  necessary  to  determine  the 
starting  point  of  the  dividing  line.  Or  it  is  required  that  the  line 
shall  begin  at  a  certain  point,  in  which  case  it  is  necessary  to  deter- 
mine the  direction  of  the  line. 

A  certain  field  is  described  as  follows: 

1         N.  63°  51'  W.         6.91  Chs. 

9  N    fi2°  44'  W  7  2fi      " 
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4 

N.  77°  50'  W. 

6.54  Chs. 

5 

N.  31°  24'  E. 

14.38 

t 

6 

N.  31°  18'  E. 

16.81 

t 

7 

S.  68°55'E. 

13.64 

c 

8 

S.  68°  42'  E. 

11.54 

e 

9 

S.  33°  45'  W. 

31.55   ' 

Beginning  at  a  point  upon  the  side  91,  it  is  required  to  divide 
the  area  into  two  equal  parts  of  37  acres  by  a  line  having  a  bearing  of 
N.  68°  46'  W.  Some  preliminary  calculations  will  be  necessary  to 

determine  the  start- 
ing point  of  the 
dividing  line  such 
that  the  resulting 
area  will  be  nearly 
that  desired,  and 
this  dividing  line 
will  be  practically 
parallel  to  a  line 
connecting  stations 
7  and  9.  Call  the 
dividing  line  A  B 
(see  Fig.  07),  and 
if  this  line  begins 
at  a  point  15  chains 
from  station  0,  the 
F'g-  67'  length  of  A  R  will 

be    24.f>2S    chains; 

that  of  B  7  will  be  14.90  chains.  We  shall  now  proceed  to  calculate 
the  area  by  latitudes  and  departures,  beginning  \\ith  station  9. 
The  calculations  are  shown  in  the  following  table,  and  the  result, 
36.5180  acres,  is  short  of  the  required  area  by  0  4S14  acre  or  4. SI 4 
square  chains. 


STATION 

BEARINGS 

DIS- 
TANCES 

LATITUDES 

N            S 

Dl-  P  VKTTMU'S 

E          W 

Dotiiii.i 
LoNm- 

Tll  I>h  8 

—  8  334 
-  39  531 
-54  <>53 
—34  185 
—10  706 

DOUULI    Aiih  \s 

4- 

9 
A 
B 
7 
8 

S  38°  45'  W 
N  68°  46'  W 
N  31°   18'  E 
S  63°    55'  E. 
S  68°    42'  E 

15  00 
24  528 

14  yo 

13  64 
11  54 

12  472 
8  883 
12  731 

4  907 
4   192 

H  334 
22  8(53 
7  741 
12  727 
10  752 

103  «I3 
351   154 
695  787 
167  74C 
44  880 

316  568  1046  941 

316  568 

2  |  730  373 
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Our  line  A  B  must  therefore  be  moved  farther  south  such  a 
distance  that  the  area  enclosed  between  the  first  and  second  posi- 
tions shall  equal  4.814  square  chains.  Considering  this  area  as  a 
rectangle  (which  it  will  be  nearly),  the  line  A  B  will  be  moved  south 

•     '  2     =  0.1961  chain,  or,  say,    0.2   chain.     The  line  9  A   will 

be  therefore  15.2  chains  in  length.  The  length  of  A  B  will  not  be 
materially  changed.  B  7  will  now  be  15.1  chains  in  length,  while 
78  and  89  will  be  the  same  as  before.  The  latitudes  and  depar- 
tures of  9  A,AB,  and  B  7  must  be  recalculated,  as  well  as  the 
double  longitudes  of  all  of  the  courses.  The  calculations  are  found 
in  the  following  table,  and  there  results  an  area  equal  to  37.015 


acres. 


STATION 

BEARINGS 

DIS- 
TANCES 

LATITUDES 

N.              S. 

DEPARTURES 

E.             W. 

DOUBLE 
LONGI- 

'I  UDES 

DOUBLE  AREAS 

H-                 — 

9 

S  33°45'W. 

1520 

12638 

8445 

—  8445 

106.728 

A 

N.  68°  46'  \V 

24.528 

8883 

22.863 

—39.753 

353  126 

B 

N  31°  18'  E 

15  10 

12902 

7845 

-  54  771 

706655 

7 

S  08°  55'  K 

13(34 

4.907 

12727 

-34  199 

167.814 

8 

S  C8°  42'  K 

11  54 

4.192 

10  752 

-10.720 

44938 

319  480   1059  781 
3HM80 

370  150 


AREA  =  H7. 01, "5  ACRES. 


Referring  to  Fig.  07,  starting  at  a  point  A  on  91,  12.2,")  chains 
from  station  9,  it  is  required  to  find  the  length  and  hearing  of  .1  B 
such  that  the  area  SAB  7  <S  9  shall  equal  32  acres. 

First  draw  a  line  from  A  to  station  7,  and  by  latitudes  and 
departures  calculate  the  area  A  7  S  9  A,  and  determine  the  length  and 
bearing  of  A  7.  Call  this  latter  area  PL  Then  the  area  AB7A 
must  equal  32-77.  From  the  point  B,  erect  a  perpendicular  B  C 

^  +ho  lino  A  7    TV.P  arpn  of  A  B  7  A  will  eaual  *  «    X  B  C  =  (32- 
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Therefore  5  7 


v  In  the  tri- 


sin  B  7  C' 

angle  A  B  7  A  we  now  have  two  sides  and  the  included  angle  from 
which  to  calculate  the  length  and  bearing  of  A  B. 

THE  TRUE  MERIDIAN. 

In  order  to  ascertain  the  true  meridian  of  a  given  place, 

several  methods  may  be  pursued.     The  general  practice  is  to  use 

the  star  Polaris  at  culmination  or  elongation.     This  star  is  on  the 

,  nearly,  when  a  plumb  line  covers  it  and  the  star  Zeta, 


^    A, 

^  /Y  >£ 


\|CASSIOPEIA 
I. 


Fig.  08. 

the  next  to  the  end  of  the  handle  of  "The  Dipper."     See  Fig,  68. 

When   Polaris   is    on    the    meridian,   as   illustrated    in   this 

instance,  it  is  said  to  be  at  "culmination."     This  star  is  often 
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referred  to  as  the  north  or  pole  star.  It  is  about  1^°  from  the 
pole,  and  revolves  around  the  pole  once  every  23  hours  and  56 
minutes.  Thus  it  is  apparent  that  it  comes  on  the  true  meridian 
twice  each  day.  The  arrows  in  the  figure  indicate  the  direction  of 
the  rotation. 

To  Determine  the  True  Meridian  by  the  Compass.  With 
Polaris  at  Eastern  or  Western  Elongation.  To  determine  the 
true  meridian  by  means  of  the  compass,  take  a  plumb-line,  and 
attach  one  end  of  the  line  to  any  suitable  support  situated  as  far 
above  the  ground  as  practicable,  so  as  to  have  a  clear  field  of  view 
about  20  feet  away.  A  board  nailed  on  a  telegraph  pole,  tree,  or 
post  at  right  angles,  will  suffice  for  this  purpose.  The  plumb-bob 
may  be  of  any  suitable  material,  of  about  5  Ibs.  in  weight,  as  a  brick, 
stone,  iron  ring,  or  coupling.  It  will  serve  the  same  purpose,  with 
as  accurate  results,  as  the  most  highly  polished  or  carefully  manu- 
factured plumb-bob.  The  plumb-line  should  b§  about  25  feet  in 
length, -depending  upon  the  latitude  of  the  place,  since  the  altitude 
of  the  pole  above  the  horizon  at  any  place  is  equal  to  the  latitude 
vf  that  place. 

Illuminate  the  plumb-line  just  below  its  support  by  means  of 
a  bull's-eye  lantern,  lamp,  or  candle,  care  being  taken  not  to 
obliterate  the  line  from  the  view  of  the  observer.  The  best  way  is 
to  screen  the,  light,  and  throw  the  light  on  the  plumb-line  by 
means  of  a  reflector. 

Next  unfasten  one  of  the  uprights  of  the  compass,  and  place  it 
on  a  horizontal  rest  at  some  convenient  point  south  of  the  plumb- 
line,  say  M  feet  in  an  east  or  west  direction,  and  in  such  a 
position  that  when  viewed  through  the  peep-sight,  Polaris  will 
appear  about  two  feet  below  the  support  of  the  plumb-line.  It  is 
customary  to  determine  this  position  by  trial  the  night  before 
the  observation. 

About  25  minutes  before  the  time  of  elongation,  as  per  table 
on  page  130,  briiig  the  peep-sight  into  the  same  line  of  sight  with 
the  plumb-lino  and  the  star  Polaris.  Before  reaching  elongation, 
the  star  will  move  away  from  the  plumb-line,  to  the  east  for  eastern 
elongation,  and  to  the  west  for  western  elongation.  Hence,  by 
moving  the  peep-sight  in  the  proper  direction — that  is,  east  or 
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remain  stationary,  thus  indicating  that  it  has  reached  its  point  of 
elongation.  The  peep-sight  will  now  be  secured  in  place  by  a 
damp  or  weight,  with  its  exact  position  marked  on  the  rest.  Now 
defer  all  further  operations  until  the  next  day. 

The  next  morning  place  a  slender  flag  or  ranging  pole  at  a 
distance  of  200  or  300  feet  from  the  peep-sight,  and  exactly  in  line 
with  the  plumb-line.  Next  carefully  measure  this  distance,  and 
take  from  the  table  (page  130)  the  azimuth  of  Polaris,  corresponding 
to  the  latitude  of  the  station  of  observation;  find  the  natural 
tangent  of  this  azimuth,  and  multiply  it  by  the  measured  distance 
from  the  peep-sight  to  the  rod.  The  product  will  express  the 
distance  to  be  laid  off  from  the  rod,  exactly  at  right  angles  to  the 
direction  already  determined — that  is,  to  the  west  for  eastern 
elongation,  and  to  the  east  for  western  elongation;  and  this  point 
with  the  peep-sight,  will  define  the  direction  of  the  meridian  with 
sufficient  accuracy  for  the  needs  of  local  surveyors. 

The  position  of  the  pole  star  may  be  found  by  means  of  the 
two  stars  ft  and  a  in  the  bowl  of  the  "The  Dipper"  (Fig.  68),  which 
are  called  the  "pointers"  because  of  their  pointing  approximately 
to  the  pole  star. 

THE   TRANSIT. 

Construction.  The  transit  is  used  for  measuring  horizontal 
and  vertical  angles  directly,  and  for  measuring  bearings  indirectly. 
It  consists  of  a  telescope  mounted  in  standards  attached  to  a  divided 
horizontal  plate,  the  telescope  serving  to  define  accurately  the  line 
of  sight;  while  the  horizontal  plate,  divided  into  degrees,  minutes, 
and  twenty  or  thirty  seconds  of  arc,  makes  it  possible  to  measure 
small  horizontal  angles.  The  instrument  is  provided  with  a  tliree- 
or  four-screw  leveling  base,  by  ?neans  of  which  it  is  attached  to 
the  tripod. 

The  telescope  is  similar  in  construction  to  that  of  the  Wye 
level,  but  is  shorter  and  of  less  magnifying  power,  a  power  of  from 
24  to  26  diameters  being  about  the  average  for  the  ordinary  transit. 
The  eye-piece  may  be  either  inverting  or  erecting,  but  the  former 
is  to  be  preferred. 

Since  the  principal  function  of  the  transit  is  to  secure 
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plane,  and  to  that  end  is  supported  in  the  standards  by  a  transverse 
axis,  permitting  the  telescope  to  be  "transited,"  that  is.  turned 
through  a  complete  vertical  circle. 

For  measuring  horizontal  angles  the  instrument  is  arranged 
with  an  upper  and  a  lower  motion,  sometimes  called  the  upper  and 
the  lower  "limb."  The  lower  limb  is  supported  by  the  leveling 
base  by  means  of  a  hollow  conical  axis;  and  into  it  is  fitted,  in  turn, 
the  conical  axis  of  the  upper  limb.  Each  limb  may  be  turned 
independently  of  the  other,  or  they  may  be  clamped  together  and 
to  the  leveling  base.  The  lower  limb  carries  the  divided  circle 
and  the  upper  limb  the  vernier.  For  ordinary  purposes  the 
circle  is  divided  to  one-half  degrees,  and  reads  to  single  minutes 
by  means  of  the  vernier.  It  may  also  be  divided  so  as  to  read 
to  20  or  30  seconds,  and  occasionally  to  10  seconds.  The  divisions 
of  the  circle,  however,  should  not  be  so  crowded  as  to  render  the 
reading  difficult,  and  the  graduations  should  be  properly  adjusted 
to  the  magnifying  power  of  the  telescope. 

The  verniers  may  be  set  at  right  angles  to,  or  parallel  with  the 
line  of  sight,  or  at  30°  thereto.  With  the  verniers  parallel  with 
the  lino  of  sight — that  is  to  say,  directly  under  the  telescope — or 
making  an  angle  of  30°  with  the  line  of  sight,  the  observer 
can  read  the  angles  without  moving  from  his  position,  thereby 
avoiding  the*  risk  of  disturbing  the  instrument  by  walking  around 
it.  See  Fig-  (>9. 

For  leveling  the  instrument,  there  are  provided  t\vo  level 
tubes  set  at  right  angles  to  each  other.  These  are  shown  in  the 
figure.  One  of  them  is  attached  to  the  upper  plate,  while  the  other 
may  be  attached  either  to  the  upper  plate  or  to  one  of  the  standards. 
On  account  of  lack  of  spare  these  level  tubes  are  quite  short. 

The  four-screw  leveling  base  may  consist  of  two  parallel  plates 
connected  to  each  other  by  a  one-half  ball  and  socket  joint, 
or  the  upper  plate  may  bo  replaced  by  a  ribbed  casting.  The 
four  leveling  screws  rest  in  cups  upon,  the  lower  plate  and 
extend  through  the  upper  plate  or  casting.  The  leveling  base 
is  attached  to  the  instrument  proper,  and  the  whole  is  attached 
to  the  tripod  by  screwing  to  a  casting  firmly  attached  to  the 
The  vertical  axis  is  furnished  with  a  hook,  to  which  may 
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ment.  A  shifting  center  is  also  provided,  by  means  of  which,  after 
the  instrument  has  been  approximately  centered  over  a  stake,  it 
may  be  accurately  adjusted  by  loosening  the  leveling  screws  and 
shifting  the  instrument  upon  the  lower  leveling  base.  See  Fig.  69. 


Fig.  09. 

The  three-screw  leveling  base  is  necessarily  larger  and  differs 
in  detail  from  the  four-screw.  The  upper  plate  carrying  the  screws 
is  permanently  attached  to  the  instrument;  and  the  lower  ends  of 
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the  screws  rest  upon  the  tripod  casting,  to  which  it  is  attached  by 
a  single  center  screw  fitted  with  a  strong  spiral  spring  that  engages 
upon  a  thread  cut  upon  the  vertical  axis  of  the  instrument.  See 
Fig.  72. 


Fig.  70. 

The  four-screw  base  commends  itself  from  the  fact  that  it  can 
quickly  be  leveled  approximately;  and,  110  matter  how  much  the 
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The  three-screw  base,  however,  is  more  easily  manipulated,  and  all 
danger  of  binding  the  screws  and  springing  the  plates  is  obviated. 
Whichever  type  of  instrument  is  preferred,  the  screws  should  work 


Fig.  71. 

smoothly  and  evenly,  and  the  pitch   should  be  adjusted  to  the 
sensitiveness  of  the  bubbles. 
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Fig.  72. 
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For  measuring  vertical  angles,  the  transit  is  fitted  with  a 
rertical   arc  or  circle  divided  usually  to  one-half  degrees,  and 


Fig.  73. 
reading  to  single  minutes  by  the  vernier.    A  level  tube  may  also  be 
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provided  the  transit  may  be  used  as  a  leveling  instrument. 
A  striding  level  resting  upon  the  standards  may  also  be  provided, 
by  means  of  which  the  instrument  can  be  more  accurately  leveled 
than  by  the  short  levels  upon  the  upper  limb.  See  Fig.  70. 

The  telescope  should  always  be  provided  with  stadia  wires, 
either  fixed  or  adjustable,  though  the  former  are  preferable.  See 
article  on  "Stadia." 

The  gradienter  screw  is  a  device  attached  to  the  clamp  of  the 
telescope,  by  means  of  which  grades  can  be  established,  and 
horizontal  distances,  vertical  angles,  and  differences  of  level  can  be 
measured  with  great  rapidity.  See  article  on  "Gradienter"  in 
Part  III. 

Surveyor's  Transit.  This  instrument  is  the  plain  transit, 
capable  usually  of  measuring  horizontal  angles  only,  but  occasion- 
ally fitted  with  a  vertical  circle  or  arc  for  measuring  vertical  angles. 
See  Fig.  69. 

Engineer's  Transit.  When  the  instrument  is  provided  with  a 
vertical  circle  or  arc,  a  level  underneath  the  telescope,  with  or 
without  gradienter  screw,  it  is  called  the  engineer's  transit.  See 
Fig.  70. 

Tachymeter.  This  term,  meaning  rajjtd  iiteabitriT,  has  of 
recent  years  been  applied  to  an  instrument  having  a  level  attached 
to  the  telescope,  a  vertical  arc  or  circle,  and  stadia  wires.  Such 
an  instrument  is  adapted  to  the  rapid  location  of  points  in  a 
survey,  since  it  is  capable  of  measuring  the  three  co-ordinates  of  a 
point  in  space,  /.  r.,  the  angular  co-ordinates  of  altitude  and 
azimuth,  and  the  radius-vector  or  distance.  The  compass  and 
gradienter  are  auxiliaries  in  the  measurement  of  angles;  and  an 
instrument  having  them  in  addition  to  the  essential  features 
mentioned  above,  is  more  perfectly  adapted  for  tachymetric  work. 
See  Fig.  71. 

Theodolite.  This  term  is  applied  to  an  instrument  so  con- 
structed that  the  telescope  \vill  not  transit,  but,  in  order  to  take 
backward  sights,  the  telescope  must  be  lifted  out  of  its  supports 
and  turned  end  for  end.  See  Fig.  73. 

Transit-Theodolite.  This  name  is  applied  to  an.  instrument 
in  which  the  telescope  not  only  can  be  transited,  but  also  lifted 
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as  an  angle-measurer  it  is  desirable  that  the  vertical  cross-hair  be 
at  right  angles  to  the  horizontal  axis  of  the  telescope  when  the 
instrument  is  level. 

To  test  this,  set  up  the  instrument  at  some  convenient  point, 
200  or  300  feet  from  a  wall,  tree,  or  other  convenient  object,  upon 
which  a  point  is  clearly  defined  by  a  tack  or  otherwise.  Carefully 
level  the  instrument,  and  cover  this  point  accurately  with  the  lower 
extremity  of  the  vertical  hair.  Clamp  the  horizontal  axis  of  the 
telescope;  and  by  means  of  the  tangent-screw  slowly  move  the 
telescope  in  a  vertical  plane,  and  note  if  the  hair  continues  to  cover 
the  point  from  one  extremity  to  the  other.  If  it  does,  the  hair  is  in 
its  proper  position.  If  not,  loosen  the  diaphragm  screws  and  turn  the 
diaphragm  vertically  until  the  hair  covers  the  point  from  end  to 
end.  This  adjustment  will  disturb  the  last  one  and  the  two  must 
be  tested  and  corrected  alternately  until  in  perfect  adjustment. 

If  the  transit  is  to  be  used  for  leveling,  it  is  necessary  that  the 
horizontal  cross-hair  be  in  the  optical  center  of  the  object  glass. 

To  test,  set  the  instrument  up  firmly  200  or  300  feet  from  a 
wall,  tree,  or  other  convenient  object,  and,  after  leveling,  carefully 
center  the  intersection  of  the  cross-hairs  upon  a  well-defined  point. 
Clamp  the  axis  of  the  telescope,  turn  the  instrument  upon  its 
vertical  axis  through  180°,  and  carefully  center  a  point  upon 
the  intersection  of  the  cross-hairs  in  this  new  position.  Clump  the 
vertical  axis,  unclamp  the  telescope  axis,  transit  the  telescope,  and 
carefully  center  the  intersection  of  the  cross-hairs  upon  the  first 
point.  Now  clamp  the  telescope,  loosen,  the  vortical  axis,  and  again 
revolve  the  instrument  through  180°.  If  the  line  of  collimation 
again  strikes  the  second  point,  the  horizontal  cross-hair  is  in 
adjustment.  If  not,  carefully  center  this  third  point,  bisect  the 
distance  between  the  second  and  third  points,  and  move1,  the  cross- 
hair diaphragm  until  the  intersection  of  the,  cross-hairs  covers 
this  fourth  point.  This  adjustment  will  disturb  the  last  two,  and 
the  three  must  be  repeated  in  succession  until  accurately  adjusted. 

3d.  To  make  the  horizontal  axis  of  the  telescope  perpendic- 
ular to  the  vertical  axis  of  the  instrument. 

To  test,  set  up  the  instrument  as  explained  for  the  last  adjust- 
ment, and,  after  leveling,  center  carefully  a  point  at  each  extremity 
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axis  and  transit  the  telescope,  bringing  one  extremity  of  t_ 
horizontal  cross-hair  upon  one  of  the  points  previously  established. 
If  the  other  extremity  coincides  with  the  second  point,  the  axis  of 
the  telescope  is  in  adjustment. 

If,  the  axis  is  out  of  adjustment,  the  method  of  procedure  is 
best  illustrated  by  Fig.  75. 

A  A'  is  the  line  covered  between  the  extremities  of  the  hori- 
zontal wire  or  hair  when  the  axis  of  the  telescope  is  in  adjustment. 
If  it  is  not  in  adjustment,  the  wire  will  in  tlie  first  position  of  the 


Fig.  75. 


telescope  cover  the  line  A  B,  and  in  the  second  position  the  line 
A  B'.  Therefore  bisect  the  distance  B  B',  and  raise  or  lower  the 
adjustable  end  of  the  telescope  axis  until  the  wire  covers  A  A'. 
Now  repeat  the  tost,  and  the  correction  if  necessary. 

4th.  To  make  the  axis  of  the  telescope  bubble  tide  parallel  to 
the  I! tie  of  colliniatioii  oftlte  telescope* 

This  adjustment  should  be  tested  and  corrected  by  the  "peg" 
method  as  follows:  Select  a  piece  of  comparatively  level  ground, 
drive  a  stake,  "set  up1'  the  transit  over  it,  and  carefully  level  by 


•150'- 


150' 
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the  plate  levels.  Next  drive  two  stake's  into  the  ground,  one  in 
front  of  the  transit  and  the  other  at  the  same  distance  behind  it. 
In  Fig.  76,  C  is  the  position  of  the  transit,  and  A  and  B  are  two 
stakes,  each  150  feet  from  C.  D  is  a  fourth  stake  behind  B  and  in 
line  with  it  from  O.  The  transit  being  leveled  by  the  plate  levels, 
bring  the  bubble  of  the  telescope  tube  to  the  center  of  the  tube,  by 
means  of  the  tangent-screw  attached  to  the  horizontal  axis  of  the 
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Adjustment.  "When  used  merely  as  an  angle-measurer-,  the 
following  adjustments  should  be  tested  and,  if  necessary,  corrected: 

1st.  To  ascertain  if  the  lublle  tubes  are  perpendicular  to  the 
vertical  axis  of  the  instrument. 

To  test,  attach  the  instrument  to  the  tripod  and  "set  up"  firmly  - 
on  solid  ground,  preferably  shaded  from  sun  and  wind.  Revolve 
the  transit  upon  its  vertical  axis  so  as  to  bring  the  bubble  tubes 
parallel  to  a  pair  of  diagonally  opposite  leveling  screws.  Bring  the 
bubble  of  one  of  the  tubes  to  the  center  by  means  of  these  screws. 
Do  the  same  with  the  second  bubble  tube.  Adjusting  the  second 
tube  will  throw  the  first  one  out,  but  repeat  the  alternate  operations 
until  each  bubble  stands  in  the  center  of  its  tube.  Now  revolve 
the  instrument  upon  its  vertical  axis  through  180°,  and  note  if  the 
bubble  of  each  tube  still  stands  in  the  center.  If  so,  the  tubes  are 
in  adjustment. 

If  the  bubble  of  either  tube  runs  to  one  end,  bring  it  half-way 
back  to  the  center  by  raising  the  opposite  end  of  the  tube  by  means 
of  the  capstan-headed  screw.  Relevel  the  instrument  by  the 
leveling  screws,  and  again  test  the  tubes.  Repeat  the  operation, 
until  the  bubbles  stand  in  the  centers  of  the  tubes  in  all  positions  of 
the  instrument.  It  is  advisable  to  carry  out  this  adjustment  as 
precisely  as  possible,  as  it  will  facilitate  the  remaining  adjustments. 
If  after  several  trials,  it  is  found  impossible  to  adjust  the  bubbles 
to  the  centers  of  the  tubes,  either  the  vertical  axis  is  bent  or  the  plates 
are  sprung,  and  the  instrument  should  be  sent  to  the  maker  for 
correction.  If  one  tube  adjusts  and  the  other  does  not,  the  fault  is 
in  the  tube,  and  a  new  one  should  be  ordered. 

2(1.  To  nial\e  the  line  of  coll  i  mat  Ion  revolve  In  a  plane,  or, 
in,  other  words,  to  make  the  lute  of  coll imat ion  perpendicular  to 
tin*  horizontal  a,t:is  of  the  telescope. 

To  test,  having  made  the  first  adjustment,  level  the  instrument 
carefully  and  clamp  the  upper  limb.  Drive  a  stake  into  the  ground 
about  BOO  feet  ahead  of  the  instrument,  and  drive  a  tack  in  the 
head  of  the  stake.  By  means  of  the  lower  motion  revolve  the 
instrument  on  its  vertical  axis  until  the  intersection  of  the  cross- 
hairs approximately  covers  the  tack.  Now  clamp  the  lower  motion, 
and  carefully  adjust  the  line  of  sight  upon  the  tack  by  means  of 
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or  the  lower  limb,  transit  the  telescope,  that  is,  revolve  it  vertically, 
and  sight  to  a  tack  in  the  head  of  a  stake  driven  into  the  ground 
about  300  feet  behind  the  instrument.  Carefully  adjust  the  tack 
to  the  intersection  of  the  cross-hairs.  Now  unclamp  the  lower 
motion,  and  revolve  the  instrument*  upon  its  vertical  axis  until  the 
intersection  of  the  cross-hairs  again  covers  the  tack  in  the  first 
stake.  Clamp  the  lower  motion,  adjust  the  line  of  sight  carefully 
by  means  of  the  tangent  screw,  again  transit  the  telescope,  and 
sight  in  the  direction  of  the  second  stake.  If  the  intersection 
of  the  cross-hairs  falls  upon  the  tack  in  the  second  stake,  the  line 
of  collimation  is  in  adjustment.  If  it  does  not,  it  will  have  tu 
be  adjusted. 

In  Fig.  74,  A  is  the  position  of  the  instrument,  and  B  is  the 
forward  stake.  If  the  instrument  is  in  adjustment,  the  line  of 
sight  after  transiting  the  telescope  and  revolving  upon  the  vertical 
axis  should  strike  the  point  B'.  If  the  instrument  is  not  in 


Fig.  74. 


adjustment,  the  line  of  sight  after  transiting  the  telescope  will 
in  the  first  instance  strike  some  point  as  C.  Drive  a  stake  at  this 
point  and  carefully  center  a  tack.  After  revolving  the  instrument 
upon  its  vertical  axis  and  again  transiting  the  telescope,  the  line 
of  sight  will  fall  at  a  point  C'  as  far  011  one  side  of  B'  as  C  was 
on  the  other.  Drive  a  stake  at  C '  and  carefully  center  it.  Carefully 
measure  the  distance  CC';  and  center  a  stake  at  B',  half-way 
between  the  t\vo  points.  Now,  by  means  of  the  capstan-headed 
screws  attached  to  the  diaphragm  carrying  the  cross-hairs,  move  the 
cross-hairs  until  their  intersection  covers  the  point  B",  midway 
between  B'  and  C'.  Now  repeat  the  operation  of  testing  the 
adjustment  and  correcting  the  position  of  the  line  of  collimation, 
until  the  points  B  and  B'  are  in  the  same  straight  line. 

It  is  necessary    onlv   that   the  line   of  collimation  shall  be 
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as  an  angle-measurer  it  is  desirable  that  the  vertical  cross-hair  be 
at  right  angles  to  the  horizontal  axis  of  the  telescope  when  the 
instrument  is  level. 

To  test  this,,  set  np  the  instrument  at  some  convenient  point, 
200  or  300  feet  from  a  wall,  tree,  or  other  convenient  object,  upon 
which  a  point  is  clearly  defined  by  a  tack  or  otherwise.  Carefully 
level  the  instrument,  and  cover  this  point  accurately  with  the  lower 
extremity  of  the  vertical  hair.  Clamp  the  horizontal  axis  of  the 
telescope;  and  by  means  of  the  tangent-screw  slowly  move  the 
telescope  in  a  vertical  plane,  and  note  if  the  hair  continues  to  cover 
the  point  from  one  extremity  to  the  other.  If  it  does,  the  hair  is  in 
its  proper  position.  If  not,  loosen  the  diaphragm  screws  and  turn  the 
diaphragm  vertically  until  the  hair  covers  the  point  from  end  to 
end.  This  adjustment  will  disturb  the  last  one  and  the  two  must 
be  tested  and  corrected  alternately  until  in  perfect  adjustment. 

If  the  transit  is  to  be  used  for  leveling,  it  is  necessary  that  the 
horizontal  cross-hair  be  in  the  optical  center  of  the  object  glass. 

To  test,  set  the  instrument  up  firmly  200  or  300  feet  from  a 
wall,  tree,  or  other  convenient  object,  and,  after  leveling,  carefully 
center  the  intersection  of  the  cross-hairs  upon  a  well-defined  point. 
Clamp  the  axis  of  the  telescope1,  turn  the  instrument  upon  its 
vertical  axis  through  180°,  and  carefully  center  a  point  upon 
the  intersection  of  the  cross-hairs  in  this  new  position.  Clamp  the, 
vertical  axis,  unclamp  the  telescope  axis,  transit  the  telescope,  and 
carefully  center  the  intersection  of  the  cross-hairs  upon  the  first 
point.  Now  clamp  the  telescope,  loosen  the  vertical  axis,  and  again 
revolve  the  instrument  through  180°.  If  the  line  of  collimatioii 
again  strikes  the  second  point,  the  horizontal  cross-hair  is  in 
adjustment.  If  not,  carefully  center  this  third  point,  bisect  the 
distance  between  the  second  and  third  points,  and  move  the  cross- 
hair diaphragm  until  the  intersection  of  the  cross-hairs  covers 
this  fourth  point.  This  adjustment  will  disturb  the  last  two,  and 
the  three  must  be  repeated  in  succession  until  accurately  adjusted. 

3d.  To  make  the  horizontal  ajiis  of  the  telescope  perpendic- 
ular to  the  vertical  axis  of  the  instrument. 

To  test,  set  up  the  instrument  as  explained  for  the  last  adjust- 
ment, and,  after  leveling,  center  carefully  a  point  at  each  extremity 
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axis  and  transit  the  telescope,  bringing  one  extremity  of  the 
horizontal  cross-hair  upon  one  of  the  points  previously  established. 
If  the  other  extremity  coincides  with  the  second  point,  the  axis  of 
the  telescope  is  in  adjustment. 

If  the  axis  is  out  of  adjustment,  the  method  of  procedure  is 
best  illustrated  by  Fig.  75. 

A  A'  is  the  line  covered  between  the  extremities  of  the  hori- 
zontal wire  or  hair  when  the  axis  of  the  telescope  is  in  adjustment. 
If  it  is  not  in  adjustment,  the  wire  will  in  the  first  position  of  the 


Fig.  75. 


telescope  cover  the  line  A  B,  and  in  the  second  position  the  line 
A  B'.  Therefore  bisect  the  distance  B  B',  and  raise  or  lower  the 
adjustable  end  of  the  telescope  axis  until  the  wire  covers  A  A'. 
Now  repeat  the  tost,  and  the  correction  if  necessary. 

4th.  To  incike  the  axis  of  the  telescope  "bubble  tube  parallel  to 
the  line  of  eolliniatioii  of  the  telescope. 

This  adjustment  should  be  tested  and  corrected  by  the  "peg" 
method  as  follows:  Select  a  piece  of  comparatively  level  ground, 
drive  a  stake,  "set  up"  the  transit  over  it,  and  carefully  level  by 


•150'- 


150' 


Fig.  76. 


the  plate  levels.  Next  drive  two  stakes  into  the  ground,  one  in 
front  of  the  transit  and  the  other  at  the  same  distance  behind  it. 
In  Fig.  76,  O  is  the  position  of  the  transit,  and  A  and  B  are  two 
stakes,  each  150  feet  from  C.  D  is  a  fourth  stake  behind  B  and  in 
line  with  it  from  0.  The  transit  being  leveled  by  the  plate  levels, 
bring  the  bubble  of  the  telescope  tube  to  the  center  of  the  tube,  by 
means  of  the  tangent-screw  attached  to  the  horizontal  axis  of  the 
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horizontal  cross-hair,  and  note  the  reading.  Unclamp  the  lower 
motion,  turn  the  transit  upon  its  vertical  axis,  and  note  the  reading 
of  a  rod  held  upon  B.  The  difference  of  the  readings  of  the  rod 
held  upon  the  two  points  will  give  the  true  difference  of  level,  no 
matter  how  much  the  telescope  level  may  be  out  of  adjustment. 

Now  take  up  the  transit  and  remove  it  to  the  point  D. 
Carefully  level  the  transit  by  the  plate  levels,  and  again  bring  the 
bubble  of  the  telescope  tube  to  its  center.  Hold  the  rod  upon  the 
point  B  and  note  its  reading.  Do  the  same  at  the  point  A,  and 
take  the  difference  of  the  two  readings.  If  the  telescope  level  is 
in  adjustment,  this  difference  will  be  the  same  as  found  when  the 
instrument  was  over  the  point  C.  Otherwise  the  tube  is  out  of 
adjustment  and  will  be  corrected  as  follows: 

Let  a?  represent  the  difference  of  level  of  A  and  B  when  the 
transit  is  at  0. 

Let  y  represent  the  difference  of  level  of  A  and  B  when  the 
transit  is  at  D. 

Let  z  represent  the  difference  between  &  and  y. 

If  y  is  greater  than  x,  subtract  z  from  the  rod  rcciding  upon  A 
for  the  transit  at  D,  and  set  the  target  at  this  new  reading.  Re- 
volve the  telescope  upon  its  horizontal  axis,  by  means  of  th 
tangent- screw,  until  the  horizontal  wire  accurately  bisects  the  target. 
Now  clamp  the  telescope  axis,  and  bring  the  bubble  to  the  center 
of  the  tube  by  means  of  the  capstan-headed  screw  at  one  end 
of  the  tube.  Again  hold  the  rod  upon  B,  and  then  upon  A,  and 
take  the  difference  of  their  readings.  If  this  difference  now  agrees 
with  the  true  difference  of  elevation  of  the  two  points,  the  adjust- 
ment is  complete.  Repeat  the  operation  as  often  as  may  be 
necessary. 

If  y  is  less  than  ,/',  add  ?  to  the  rod  reading  upon  A  for  the 
transit  at  D,  and  set  the  target  at  this  ne\v  redding.  Bisect  the 
target  by  the  horizontal  cross-hair  as  before,  clamp  the  horizontal 
axis,  and  bring  the  bubble  to  the  center  of  the  tube.  Test  and 
repeat  as  described  before. 

Some  transits  are  provided  with  an  adjustable  vernier  to  the 
vertical  circle  or  arc,  which  should  road  0°  when  tho  telescope  is 
horizontal.  The  former  adjustment  having  been  completed,  the 
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The  cross-hair  intersection  should  be  in  the  center  of  the  field 

ot  vision  of  the  eye-piece,  and  this  adjustment  may  be  made  by 

.means  of  the  capstan-head  screws  attached  to  the  eye-piece  tube. 

To  «  set  up  "  the  transit.  Lift  the  instrument  out  of  the 
bos  by  placing  the  hands  underneath  the  plates.  Avoid  lifting  it 
by  the  telescope  or  the  standards.  In  attaching  it  to  the  tripod  be 
careful  that  the  threads  engage  properly,  and  screw  it  down  firmly. 
Examine  the  tripod  legs,  and  see  that  they  are  properly  attached 
to  the  tripod  head,  neither  too  tight  nor  too  loose.  See  that  the 
tripod  shoes  are  tight,  and,  before  taking  up  the  instrument, 
lightly  clamp  all  the  movable  parts  to  prevent  unnecessary  wear 
and  straining.  Carry  the  instrument  in  the  most  convenient  way, 
taking  care  not  to  hit  it  against  trees,  lamp-posts,  doors,  etc. 

To  center  the  transit  over  a  stake,  rest  one  leg  of  the  tripod 
upon  the  ground,  and,  grasping  the  other  legs,  pull  the  instrument 
in  the  proper  direction  to  cover  the  stake.  Now  attach  the  plumb- 
line,  and  after  bringing  it  to  rest  as  close  to  the  top  of  the  stake 
as  possible,  note  if  the  point  is  directly  over  the  point  in  the 
stake.  If  it  is  not  too  far  off  the  center,  it  may  be  brought 
closer  by  forcing  the  opposite  leg  into  the  ground  or  by  a  further 
spreading  of  the  legs.  After  the  instrument  has  been  approxi- 
mately centered,  it  may  be  accurately  adjusted  by  means  of  the 
shifting  head.  The  operation  of  "setting  up"  is  difficult  of 
description,  and  facility  can  be  attained  only  by  practice.  Avoid 
having  the  plates  too  much  out  of  level,  as  this  will  result  in 
unnecessary  straining  of  the  leveling  screws  and  plates, 

Having  centered  the  instrument  over  the  stake,  level  it  up  by 
the  levels  upon  this  horizontal  plate,.  To  do  this,  turn  the1 
instrument  upon  its  vertical  axis  until  the  bubble  tubes  are 
parallel  to  a  pair  of  diagonally  opposite  plate-screws.  Now,  as 
you  stand  facing  the  instrument,  grasp  the  screws  between  the 
thumb  and  forefinger,  and  turn  the  thumb  of  the  left  hand  in  the 
direction  the  bubble  must  move.  Turn  both  thumbs  in,  or  both 
thumbs  out.  Adjusting  0110  tube  will  disturb  the  other,  but  adjust 
each  alternately  until  the  bubble  of  each  remains  in  the  center. 

To   measure  a  horizontal  angle  by  means  of   the  transit. 
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the  north  to  the  right  through  360°,  the  azimuths  for  the  preceding 
case  will  be  as  follows,  as  illustrated  by  the  diagram: 

Since  the  bearing  of  the  first  line  A  B  (Fig.  79),  given  by 
the  compass,  is  S  85°  E,  its  azimuth  will  evidently  be  the  difference 
between  180°  and  85°,  or  95°.  Since  the  second  line  B  C 
deflects  to  the  right  by  31°  30',  its  azimuth  will  evidently  be  the 
sum  of  the  angles  95°  and  31°  30',  or  126°  30'.  Since  the  third 
line  0  D  deflects  to  the  left  51°  0',  its  azimuth  will  be  the  differ- 
ence of  the  angles  126°  30'  and  51°  0',  or  75°  30'.  The  fourth 
line  D  E  deflects  to  the  right  52°  0',  and  therefore  its  azimuth  will 
be  the  sum  of  the  angles  75°  30'  and  52°  0',  =  127°  30'. 


The  same  diagram  may  serve  to  illustrate  tho  method  of 
deducing  the  bearings  of  a  series  of  lines  from  the  deflection 
angles.  Since  the  bearing  o£  the  first  line  as  given  by  the  compnss 
is  S  83°  E,  and  the  second  lino  deflects  to  the  right  31°  30',  it  is 
evident  that  this  second  line  decreases  its  easting  by  that  amount, 
so  that  its  bearing  will  be  the  difference  between  85°  and  31°  30', 
=  S  53°  30'  E.  Since  the  third  course  deflects  to  the  left  by  51° 
0',  its  bearing  to  the  east  will  be  increased  by  this  amount,  but  will 
pass  into  the  northeast  quadrant  by  14°  30',  making  its  bearing 
90°— 14°  30',  ==  N  75°  30'  E.  The  fourth  course  deflects  to  the 
right  52°  0',  returning  to  the  southeast  quadrant  by  37°  30', 
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Traversing.  This  Is  a  method  of  observing  and  recording  the 
directions  of  a  series  of  lines  of  a  survey,  so  as  to  read  off,  upon 
the  horizontal  circle,  the  angles  that  the  lines  make  with  some 
other  line  of  the  survey,  which  may  be  either  a  true  meridian  or 
some  line  adopted  as  a  meridian  for  that  survey. 

Before  starting  out  upon  a  traverse,  it  is  best  to  lay  out  upon 
the  ground  a  true  meridian,  either  from  observations  on  Polaris  or 
by  means  of  the  "Solar  transit,"  as  will  be  explained  later  on.  This 
line  should  be  300  or  400  feet  in  length,  clearly  denned  by  stakes 
carefully  centered,  one  of  the  stakes  preferably  being  the  first 
station  of  the  survey.  The  transit  can  now  be  set  over  this  stake, 
and  the  line  of  sight  carefully  centered  upon  the  second  stake  by 
means  of  the  lower  motion,  the  verniers  first  having  been  set  to 
read  0°.  The  subsequent  operations  can  best  be  illustrated  by  a 
diagram. 


Fits.  SO. 

First  lay  out  a  meridian  through  station  1  (Fig.  S  M,  and 
define  it  by  a  stake  drhen  3()0  or  JOO  feet  away  towaids  X.  l>oth 
of  these  stakes  should  be  carefully  "witnessed,"  that  they  may  be 
recovered  at  any  time.  To  begin  the  survey,  carefully  center  the 
transit  over  station  1,  with  verniers  set  to  zero;  turn  the  instrument 
upon  its  lower  motion  until  the  line  of  sight  approximately 
covers  the  stake  at  the  north  end  of  the  meridian,  and  carefully 
center  it  by  the  lower  tangent-screw;  lower  the  compass  needle  (it 
there  is  one),  and  note  and  record  thu  magnetic  declination.  Xext. 
with  the  lower  motion  securely  clamped,  unclamp  the  upper  motion, 
and  revolve  the  upper  plate  in  the  direction  of  station  2.  Clamp 
thft  urmer  motion,  and  carefullv  center  the  line  of  sight  by  the 
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upper  tangent-screw.  Note  and  record  the  angle  upon  the  plate, 
which  will  be  the  azimuth  of  the  line  1  2.  Measure  the  distance 
from  1  to  2,  and  note  and  record  the  compass  bearing  as  a  check. 

Now,  with  the  upper  motion  securely  clamped,  remove  the 
transit  to  station  2;  and  carefully  center  it  over  the  stake  with  the 
north  end  of  the  plate  ahead,  that  is,  in  the  direction  from  1  to  2. 
Transit  the  telescope,  unclamp  the  lower  motion,  and  bring  the 
line  of  sight  to  cover  station  1.  Carefully  center  it  by  the  lower 
tangent-screw.  Clamp  the  lower  motion,  transit  the  telescope, 
unclamp  the  upper  motion,  and  revolve  the  upper  plate  until  the 
line  of  sight  falls  upon  station  3,  carefully  centering  it  by  the  upper 
tangent-screw.  Read  and  record  the  plate  angle,  which  will  be  the 
azimuth  of  the  line  2  3.  Measure  the  distance  from  2  to  3,  and  read 
the  bearing  of  the  needle  for  a  check. 

Now  see  that  the  upper  plate  is  securely  clamped,  move  the 
instrument  to  station  3,  and  proceed  as  before;  and  so  on  through- 
out the  traverse. 

In  the  above  example  (Fig.  SO),  since  the  first  line  is  in  the  north- 
east quadrant,  its  bearing  N.  38°  E.  will  be  the  same  as  its  azimuth 
(38°),  and  this  angle  is  recorded  upon  the  plate.  The  second  line, 
however,  passed  into  the  southeast  quadrant,  and  its  azimuth  will 
be  recorded  upon  the  plate  as  38°  +  81°,  or  119Q.  Its  bearing,  how- 
ever, will  be  S.  61°  E.  The  azimuth  of  the  third  line  will  be  38°  + 
81°  -  23°,  or  96°.  Its  bearing  will  be  S.  84°  E.  In  a  similar 
manner,  the  bearing  of  the  fourth  line  may  be  deduced  from  the 
azinvth  as  shown  upon  the  plate. 

Fig  81  illustrates  a  traverse  beginning  in  the  southeast  quadrant. 
The  bearing  of  the  first  line  is  S.  41°  E.,  and  therefore  its  azimuth 
will  be  180°  -  41°  -  139°.  The  bearing  of  the  second  line  will  be 
S.  73°  E.,  and  its  azimuth  will  be  107°;  and  so  on  with  the  remaining 
courses  of  the  traverse. 

By  a  similar  process  c/  reasoning,  the  azimuths  of  courses  in 
the  southwest  and  northwest  quadrants  may  be  deduced  from  the 
bearings,  and  vice  versa. 

We  therefore  establish  the  following  rules: 

(a)     Courses  in  northeast  quadrant — Azimuth  =  Bearing. 
(6)     Courses  in  southeast  quadrant — Azimuth  =  Supplement  of  Bear- 
ing. 
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(c)  Courses  in  southwest  quadrant — Azimuth  =  180°  +  Bearing. 

(d)  Courses  in  northwest  quadrant — Azimuth  =  360°  —  Bearing. 

Bearing  north:  Azimuth  =  0°  or  360°. 
"        east:  "        =  90°. 

south:  "         =  180°. 

west:  "        -  270°. 

For  convenience  in  determining  azimuths,  the  inside  graduations 
of  the  horizontal  circle  may  be  numbered  from  0°  to  360°  to  the 


right,  beginning  at  the  north  end;  and  the  outside  graduations  from 
0°,to  300°  to  the  right,  beginning  at  the  south  end.  Then  keeping 
the  north  end  of  the  plate  ahead — that  is,  in  the  direction  of  the 
traverse— for  a  traverse  beginning  in  either  the  northeast  or  north- 
west quadrants,  azimuths  will  be  recorded  directly  upon  the  plate 
from  the  inside  graduations;  and  for  a  traverse  beginning  in  either  the 
southeast  or  southwest  quadrants,  azimuths  will  be  recorded  directly 
upon  the  plate  from  the  outside  graduations. 

Traversing  is  particularly  adapted  to  surveying  roads,  streets, 
railroads,  shores  of  lakes,  river  banks,  etc.;  and  in  land  surveying  it 
possesses  an  ad\antage  over  the  method  by  interior  angles,  on  account 
of  the  readiness  it  affords  in  obtaining  the  bearings  from  the  azimuths, 
and  the  greater  rapidity  with  which  the  work  may  be  platted,  since 
the  angle  which  each  line  makes  with  the  assumed  meridian  or  refer- 
ence line,  may  be  taken  at  once  from  the  field  notes. 

In  United  States  go\  eminent  surveys,  \\hen  a  traverse  is  run  to 
mark  the  divisions  between  private  estates  and  bodies  of  water 
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Keeping  Notes.  All  notes  of  measurements  of  angles  and  dis- 
tances should  be  recorded  as  soon  as  made,  in  a  special  notebook 
adapted  to  the  purpose.  Avoid  the  practice  of  making  notes  upon 
scraps  of  paper  and  in  small  pocket  notebooks  and  of  filling  in  details 
from  memory.  The  notes  will  probably  be  used  by  other  persons 
unfamiliar  with  the  locality,  for  platting  and  for  general  information, 
and  these  persons  must  depend  entirely  upon  what  is  recorded,  and 
how  it  is  recorded,  for  their  interpretation.  To  this  end  the  notes 
should  be  clear  and  concise,  yet  full  enough  to  give  all  necessary 
information.  They  should  permit  of  only  one  interpretation,  and 
that  the  correct  one. 

The  note  keeper  should  bear  in  mind  constantly  the  nature  of 
the  survey  and  the  object  to  be  attained,  and  this  will  enable  him  to 
determine  what  measurements  are  necessary.  Do  not  crowd  the 
notes.  Use  the  left-hand  page  of  the  book  for  notes,  and  the  right- 
hand  page  for  such  sketches  ancl  remarks  as  may  be  necessary.  The 
record  is  usually  made  with  a  pencil,  using  a  medium  hard  grade. 
If  incorrect  entries  are  made,  erase  them  neatly;  but  avoid  errors  as 
much  as  possible,  as  too  many  erasures  tend  to  discredit  the  work. 
After  each  notebook  is  filled,  label  it  with  the  subject  of  the  survey, 
the  dates  between  which  it  was  recorded,  and  all  other  information 
that  may  be  of  service  in  filing  for  future  reference.  Above  all,  do 
not  lose  a  notebook,  as  it  may  contain  information  that  cannot  be 
recovered  at  any  price. 

Referring  to  Fig.  SO,  the  notes  would  be  entered  in  the  record 
as  follows: 


, 

Dr  FLECTIONS 

STATION    i     DISTANCES 

AZIMUTH 

NEK  OLE 

RIGHT 

LEFT 

1 

220  00' 

38°  00' 

38°  00' 

N.  38°  00'  E. 

2 

225  00' 

81°  00' 

119°  00' 

S.  61°  00'  E 

3 

235  00' 

23°  00' 

96°  00' 

S.  84°  00'  E. 

4 

190  00' 

40°  00' 

56°  00' 

N.  56°  00'  E 

Figs.  82  and  83  illustrate  the  method  of  keeping  notes  by  means 
of  sketches. 

Checking  the  Traverse.  For  an  ordinary  survey  not  involving 
unusual  precision,  a  transit  reading  to  single  minutes  will  be  sufficient. 
A  single  measurement  will  ordinarily  give  the  angle  with  sufficient 
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accuracy;  but  should  a  check  upon  the  measurement  be  

necessary  the  angle  may  be  "repeated"  as  explained  on  page  109. 

As  a  further  check  against  errors  in  angles,  the  magnetic  bearing 
of  each  line  should  be  read,  showing  the  approximate  directions  of 
the  lines,  and  by  comparison  with  the  azimuths  or  the  deduced  bear- 

.  ings,  will  serve  to  point  out  gross 
errors,  as  for  instance  reading  right 
for  left  when  measuring  deflec- 
tion angles.  This  check  upon  the 


Fig.  82. 


Fig.  8;}, 


angles  should  always  be  applied  in  the  field,  so  that  errors  may  be 
rectified  before  leaving  the  work. 

If  the  traverse  involves  a  closed  area,  the  accuracy  of  the  transit 
work  may  be  tested  by  adding  together  all  of  the  measured  angles. 
The  sum  of  the  interior  angles  should  equal  (n-2)  X  ISO0,  n  being  the 
number  of  sides  of  the  field.  For  the  deflection  angles,  the  sum  of 
all  the  deflections  to  the  right  should  differ  from  the  sum  of  all  the 
deflections  to  the  left  by  3GO°;  that  is  to  say,  the  algebraic  sum  o)  the 
deflection  angles  should  be  360°. 

It  is  sometimes  desirable  to  check  the  lengths  of  the  courses 
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of  the  measurement  of  any  line,  it  should  be  measured,  preferably  in 
the  opposite  direction.  In  a  closed  traverse,  it  is  well  to  run  diagonal 
lines  across  the  traverse  as  an  additional  check  upon  both  the  angles 
and  the  measured  distances. 

For  city  work,  the  engineer  should  lay  out  a  true  meridian 
300  or  400  feet  long,  and  mark  the  extremities  of  the  line  by  per- 
manent monuments  set  in  the  ground  and  carefully  protected 
from  disturbance.  To  do  this,  in  some  convenient  place  permit- 
ting an  unobstructed  line  of  sight,  drive  a  large  stake,  and  mark 

its  center  by  a  hollow-headed  tack. 
Center  the  transit  carefully  over 
this  point,  and  proceed  to  lay  out 
a  true  meridian,  preferably  with 
the  solar  attachment.  Mark  the 
direction  of  this  line  by  a  second 
stake  carefully  centered  by  a  tack 
as  before.  Now,  about  25  feet 
from  the  first  stake,  and  in  line 
with  it  and  the  second  stake,  exca- 
vate a  hole  in  the  ground  about 
three  feet  in  diameter  andfivo  feet 
deep,  or  deep  enough  to  be  below  the  frost  line.  Next  build  a 
foundation  of  concrete  about  two  feet  square  and  three  feet  deep. 
Before  this  has  "set,"  insert  in  it  a  cut-stone  post  about  nine 
inches  square  at  its  lower  end  and  of  such  length  that  its  top  will 
come  JTist  below  the  surface  of  the  ground,  and  having  set  into  its 
top  a  copper  bolt  about  ^  inch  by  4  inches.  The  post  may  be 
centered  in  the  concrete  by  the  transit,  and  should  be  set  "plumb." 
Now  locate  and  build  a  second  monument  in  line  with  the 
second  stake  and  a  few  feet  from  it.  After  the-  concrete  has  set 
firmly,  again  set  the  transit  carefully  over  the  center  of  the  first 
stake,  and  accurately  align  it  by  the  tack  in  the  second  stake.  Now 
"plunge"  (reverse)  the  telescope,  and  carefully  center  a  point  in 
the  top  of  the  copper  bolt;  mark  this  point  with  a  steel  punch.  In 
the  same  way  center  a  point  in  the  top  of  the  bolt  of  the  second 
monument.  The  monuments  may  be  protected  by  enclosing  them 
in  cast-iron  valve-boxes  with  covers.  Either  one  or  both  of  these 
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all  the  levels  and  grades  may  be  ascertained.  For  this  purpose  a 
city  datum  may  be  assumed,  or  better,  the  bench-mark  may  be 
connected  by  a  line  of  levels  with  a  bench-mark  of  the  U.  S-  Coast 
and  Geodetic  Survey,  or,  if  such  is  not  available,  with  a  bench- 
mark of  the  nearest  railroad. 

THE  STADIA. 

Attached  to  the  diaphragm  carrying  the  horizontal  and  vertical 
hairs,  are  two  auxiliary  horizontal  hairs  called  "stadia"  hairs  or 
•wires.  These  hairs  may  be  either  fixed  in  position  or  adjustable, 


Pig.  85. 

but  the  fixed  hairs  are  the  better  for  field  use  and  cost  much  less. 
See  Pig.  84.  Any  instrument-maker  will  equip  a  level  or  a 
transit  with  either  fixed  or  adjustable  stadia  wires,  and  they  should 
be  included  in  every  o  lit  fit. 

The  Stadia  is  used  for  measuring  horizontal  distances  and 
differences  of  elevation,  without  the  use  of  chain  or  tape  or  other 
apparatus  except  the  leveling  rod  or  a  specially  graduated  stadia 


Fig.  86. 

rod.  It  is  based  upon  the  principle  of  the  similarity  of  triangles. 
Thus,  if  the  stadia  hairs  are  spaced  so  as  to  intercept  one  foot  upon 
a  rod  held  at  a  distance  of  one  hundred  feet,  the  rod  intercept 
for  any  other  distance  will  be  in  direct  proportion  to  the  first. 


120 


PLANE  SURVEYING 


Unfortunately  the  construction  of  the  telescope  of  an  engineer- 
ing instrument  modifies  the  above  simple  statement,  and  a  formula 
for  the  use  of  the  stadia  will  now  be  deduced. 

Let  O  in  Fig.  86  be  the  optical  center  of  the  object-glass  of 
the  telescope.  This  point  may  be  assumed  at  the  center  of  the 
lens,  and  the  error  involved  in  such  assumption  is  inappreciable 
and  may  be  neglected. 

Let  SSi  be  a  portion  of  the  stadia  rod  covered  by  the  stadia 
hairs  CCi.  From  0  and  Ci  draw  the  lines  OSi  and  OiS  through  the 
optical  center  of  the  object-glass.  Upon  looking  through  the  eye- 
piece of  the  telescope,  O  will  be  seen  ap  at  Si  and  Ci  as  at  S. 


c3c, 


Pig.  87. 


Call  i  the  distance  between  the  stadia  hairs,  s  the  intercept 
upon  the  rod,  /'  the  distance  from  O  to  the  wires,  and  d  the 
distance  of  the  rod  from  O. 

The  triangles  COCi  and  SOSi  are  similar,  and  therefore  we  have 
the  proportion 

«:  «  -:  f   .a 


•-  /'* 


therefore  <1  —  -  --. ' 
i 


(1) 


But/'  varies  with  H.  That  is  to  say,  if  the  rod  were  to  be 
moved  closer  to  the  instrument,  as  at  Q>D,  the  lens  would  be  moved 
farther  from  the  wires,  or  the  wires  from  the  lens,  and  in  either 
case  the  wire  interval  would  intercept  a  shorter  space  upon  the  rod, 


as 


The  ratio 


-,  or  its    equal        ,  will    therefore    vary 


for  each  position  of  the  rod.     But  however  they  vary,  we  have  from 
a  well-known  r>rincir>le  of  outics : 
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in  which  f  is  the  principal  focal  distance  of  the  lens,  and/"  '  and 
d  are  any  pair  of  conjugate  focal  distances.     Substituting  the 

value  of  j-f  from  (1)  in  (2),  there  results  the  equation 
*=-£,+/.  (3) 

Equation  3  gives  the  distance  of  the  rod  from  the  lens. 
We  can  establish  some  very  important  relations: 
In  Fig.  87  lay  off  OF'  =  OF  =  principal  focal  distance  of 

lens  =/'. 

0  and  Ci  being  the  stadia  wires,  draw  0  D  and  Ci  E  parallel  to 

the  axis  of  the  lens,  and  through  F'  draw  D  Si  and  E  S;  then  will 

S  Si  =  the  intercept  upon  the  rod. 

The  distance  of  the  rod  from  the  point  F'  is 


From  the  similarity  of  the  triangles  EF'O,  SF'B  and  S2F'B',  we 
have: 

F'O  :  OE  ::  F'B  :  BS  .:  F'B'  :  B'S>. 

Therefore  the  points  S,  82,  F',  and  E  lie  in  the  same  straight 
line;  and  therefore,  wherever  the  cross-hairs  are  situated,  or,  more 
strictly,  whatever  may  be  the  position  of  the  lens,  the  visual  lines 
defined  by  the  stadia  wires  will  intercept  the  elements  of  the  cone 
of  light  defined  by  SF'Si. 

All   distances    must   be    measured   from    the    center    of    the 

instrument;    and  therefore  to  the  expression  d  =  ' .  ,v  +/'  must  be 

added  a  quantity  that  will  represent  the  distance  from  the  center 
of  the  lens  to  the  plumb-line.  This  quantity  is  variable,  of  course, 
but  an  average  value  is  usually  taken.  Call  this  quantity  r.  The 
quantity  /may  be  found  by  focusing  the  instrument  on  a  star,  and 
measuring  the  distance  from  the  center  of  the  lens  to  the  cross- 
hairs. We  can  therefore  determine  the  quantity  /'  +  c.  This, 
however,  is  usually  supplied  by  the  instrument-maker,  and  with 
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The  complete  equation,  therefore,  for  any  distance  measured 
with  the  stadia,  is: 

d  =-£*  +  (/+£)  (4) 


If,  then,  upon  level  ground  we  lay  off  the  distance  f  +  c  in 
front  of  the  plumb-line,  drive  a  stake,  measure  from  this  stake  a 
distance  of  100  or  200  feet,  or  any  other  convenient  distance,  and 

f 
note  the  rod  intercept,  then  in  the  formula  dr  =-4-s,  df  and  s  are 

measured,  and  we  can  determine  the  ration-;  or,  if  /has  been 

previously  determined,  we  can  determine  the  value  i  or  the  distance 

between  the  cross-hairs. 

f 
The  ratio  —  being  known,    distances    can  be    found    from 

i 

equation  4.  It  is  usually  most  convenient  to  make  this  ratio  100, 
so  that  at  a  distance  of  100  feet  the  wires  will  intercept  one  foot 
upon  the  rod. 

The  rod  may  be  either  an  ordinary  leveling  rod,  or  a  stadia 
rod  divided  specially  for  the  telescope  and  wires.  When  the  rod  is 
specially  graduated,  it  may  be  in  either  one  of  two  ways.  Either 
it  may  be  graduated  so  as  to  give  the  distance  from  F',  in  which 
case  the  quantity  /+  c  will  have  to  be  added  in  each  instance; 
or  it  may  be  graduated  to  give  distances  from  the  center  directly. 

If  the  rod  is  to  be  graduated  specially,  proceed  as  follows: 

Carefully  level  the  lino  of  collimation  of  the  telescope,  and  lay 
off  from  the  plumb-line  the  distance  f  +  c.  From  the  point 
thus  established  measure  off  any  convenient  distance,  as  500  feet, 
on  a  horizontal  plane.  Set  up  the  rod,  not  yet  graduated,  at  this 
point,  and  hold  it  carefully  perpendicular  to  tho  lino  of  sight  from 
the  telescope.  This  can  best  be  done  by  moans  of  a  plumb-lino. 
Be  careful  to  eliminate  all  parallactio  motion  of  the  wires  OP  tho 
rod,  when  the  eye  is  moved  up  and  down  before  the  oyo-pioco. 

Mark  on  the  rod  very  carefully  the  apparent  place  of  tho  lower 
wire.  This  should  be  about  one-quarter  the  length  of  the  rod  from 
one  end  if  the  horizontal  distance  first  laid  off  is  about  one-half 
the  greatest  distance  for  which  the  rod  can  be  used.  The  middle 
wire  will  then  be  at  about  the  middle  of  the  rod,  and  the  upper 
one  at  about  one-quarter  the  length  of  the  rod  from  the  other  end. 
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Mark  the  latter  point  carefully.  The  wire  interval  for  a  space  of 
*500  feet  from  F '  has  thus  been  found.  One-fifth  of  this  space  will 
be  the  wire  intercept  at  a  distance  of  100  feet;  twice  the  space, 
the  intercept  for  1,000  feet;  and  so  on.  The  intermediate  spaces 
can  thus  be  graduated.  It  must  not  be  forgotten  that  in  using 
the  rod  thus  graduated,  the  quantity  f  +  c  must  be  added  to  the 
distance  indicated  by  the  rod,  to  reduce  the  distance  to  the  center 
of  the  instrument. 

If  the  rod  is  to  be  graduated  to  give  distances  from  the  center 
of  the  instrument  directly,  proceed  as  before,  marking  the  spaces 
upon  the  rod  corresponding  to  the  distances  measured  upon  the 
ground.  The  quantity  f  +  c  will  not  now  have  to  be  added 


to  the  distances  given  by  the  rod;  but  for  every  point  other  than 
that  for  which  the  rod  is  graduated,  the  distance  will  be  in  error 
by  some  fractional  part  of  f  -\-  c.  The  reason  for  this  will  bi 
apparent  by  referring  to  Fig.  87.  If  the  distance  is  le^s  than 
that  for  which  the  rod  was  graduated,  the  rod  readings  will  indicate 
too  small  a  distance4;  and  for  a  distance  greater  than  the  standard, 
the  rod  readings  will  indicate  a  distance  too  great.  It  is  then-fore 
more  exact  to  mark  the  wire  interval  at  100  feet,  200  feet,  and  so  on 
through  the  length  of  the  rod.  Each  space  thus  determined  can 
be  divided  up  as  desired;  and  the  error  involved  in  any  reading 
will  then  be  much  smaller  than  if  the  rod  were  graduated  for  a 
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Thus  far  the  rod  has  been  assumed  as  held  perpendicular  to 
the  line  of  sight,  which  of  course  will  always  be  the  case  when 
using  the  stadia  in  the  leveling  instrument.  The  stadia,  however, 
finds  its  greatest  usefulness  in  connection  with  the  transit,  when 
the  line  of  sight  is  seldom  horizontal.  If,  at  the  same  time  the 
rod  intercept  is  read,  the  vertical  angle  is  noted,  differences  of 
elevation  may  be  determined,  as  well  as  the  distances. 

A  formula  will  now  be  deduced  for  reducing  inclined  readings 
to  the  horizontal,  and  for  determining  differences  of  elevation,  the 
rod  being  held  vertical. 

In  Fig.  88,  let  the  angle  of  inclination  of  the  line  of  sight  to 
the  horizontal  plane  be  called  BCN  =  FBD  =  I.  This  angle 
will  be  measured  upon  the  vertical  circle  of  the  transit.  If  the 
rod  be  held  perpendicular  to  the  line  of  sight,  the  intercept  upon 
the  rod  =  D  E  =  s.  Represent  the  rod  intercept  when  the  rod  is 
held  vertical  by  sf .  Now  since  the  angle  F  D  B  =  90°  nearly, 

D  E  =  F  G  cos  I,  or  *  =  *'  cos  I.    But  C  B  =  •/-«  +  (/  +  c)  =  ~ 

i/ 
f 
-^r-s '  cos  I  +  (f  +  c).    Therefore  the  horizontal  distance  to  the  rod 

V 

=  C  B  cos  I  =  -=£*'  cos3 1  +  (/  +  c)  cos  I  =  0  N.     The  vertical 

*b 

distance  of  the  point  B  above  the  horizontal  plane  through  the 

f 
axis  of  the  telescope  =  B  N  =  C  B  sin  I  —  -.-$'  cos  I  sin  I  + 

(/+  c)  sin  I  =  J  -^V  sin  2  I  +  (/+  c»)  siu  I. 

1r 

For  vertical  angles  less  than  5°  the  quantity  (/+  c)  sin  I  is 
less  than  0.1  (f  +  c)  and  may  be  neglected. 

The  Use  of  the  Stadia  in  the  Field.  In  using  the  stadia  wires 
in  level  country,  no  special  instructions  are  necessary,  as  the  lino  of 
sight  is  at  all  times  horizontal.  Over  very  uneven  ground,  the 
use  of  the  level  and  stadia  is  very  limited.  However,  there  are 
often  conditions  in  which  the  stadia  wires  in  a  leveling  instrument 
are  a  very  great  convenience.  The  range  of  the  instrument  may 
sometimes  be  increased  by  using  the  center  wire  together  with  one 
of  the  stadia  wires,  but  the  instrument  should  be  carefully  tested 
to  ascertain  if  the  stadia  wires  are  equally  spaced  with  reference  to 
the  middle  wire. 
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For  extended  surveys  over  uneven  country,  the  transit  ^ 
stadia  are  particularly  adapted,  and  especially  for  filling  in  details 
of  an  extended  topographical  survey.  The  saving  of  time  and 
expense  are  important  elements  in  favor  of  the  transit  and  stadia 
as  compared  with  the  transit  and  tape;  and  with  a  little  practice 
and  attention  to  details  the  results  should  be  fully  as  accurate. 
Certainly,  when  an  engineer  must  depend  upon  unskilled  help  to 
carry  the  tape,  there  can  be  no  choice  as  to  which  to  use. 

For  use  with  the  stadia,  the  transit  should  be  provided  with  a 
complete  vertical  circle,  reading  to  minutes  at  least;  and  a  level 
tube  should  be  attached  to  the  telescope.  The  eye-piece  should  be 
inverting.  Before  starting  out  upon  a  survey,  the  transit  should 
be  carefully  tested  and  corrected  through  all  of  its  adjustments. 
The  field  operations  are  then  as  follows: 

Set  up  the  instrument  over  a  principal  station  of  the  survey, 
and  level  it  carefully.  If  a  solar  attachment  is  available,  it  will  be 
desirable  to  lay  out  a  true  meridian,  from  which  the  declination  of 

.  the  needle  may  be  determined. 
Now  determine  the  height  of  the 
cross-hairs  by  holding  the  stadia 
rod  close  to  the  side  of  the 
instrument,  and  noting  the  height 
of  the  center  of  the  horizontal 
axis  of  the  telescope.  Locate 
Fig.  89.  the  second  station  carefully,  and 

turn  the  telescope  upon  the  horizontal  axis  until  the  center  wire 
cuts  the  division  upon  the  rod  (hold  upon  the  ground)  representing 
the  height  of  the  axis  of  the  instrument  above  the  ground  at  the 
first  station,  Now  determine  the  azimuth  of  the  line  connecting 
the  two  stations,  read  the  vertical  angle  of  the  telescope*,  and 
determine  the  rod  intercept.  Enter  these  items  in  the  field  book 
and  proceed  to  take  observations  upon  sub-stations  (called  "side- 
shots'"). 

The  same  program  is  to  be  repeated  for  each  case,  except  that 
the  side-shots  may  or  may  not  be  taken  upon  points  indicated  by 
stakes.  The  principal  stations  of  a  stadia  survey  should  be 
permanent;  the  stakes  should  be  driven,  and  "witnessed1'  so  as  to 
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Having  now  located  all  the  necessary  points  from  the  first 
station,  remove  the  instrument  to  the  second  station,  and  set  it  up 
with  the  north  end  of  the  plate  in  the  direction  of  the  survey. 
Having  carefully  leveled  the  instrument,  determine  the  height 
of  its  axis  as  before,  and  send  the  rod  back  to  the  first  station. 
Transit  the  telescope,  and  sight  upon  the  rod  as  before.  Read 
vertical  angle  and  stadia  rod,  and  determine  azimuth,  and  these 
will  serve -to  check  the  former  determinations. 

In  moving  from  one  station  to  another  it  is  advisable  to  set 
the  scale  of  the  horizontal  circle  to  zero.  Transit  the  telescope 
again  and  locate  the  next  station;  and- so  on  throughout  the  survey. 

The  principal  stations  of  a  stadia  survey  may  have  been 
located  by  a  previous  triangulation,  in  which  case  it  will  probably 
be  necessary  to  locate  intermediate  stations  as  the  survey 
progresses.  Or  all  of  the  stations  may  be  located  during  the 
progress  of  the  survey.  The  courses  connecting  the  principal 
stations  form  the  "backbone"  of  the  survey,  and  the  azimuths 
and  distances  should  be  checked  at  every  opportunity. 

In  keeping  the  field  notes,  represent  the  principal  stations  by 
triangles,  as  ^\i  ^  ^s,  etc.;  and  the  secondary  stations  by  circles, 
as  ©i  ©2  ©s,  etc. 

Below  will  be  found  an  example  of  the  method  of  keeping 
notes.  Use  the  right-hand  page  for  sketches,  or  for  such  additional 
notes  as  may  be  necessary. 
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Stadia  Rods.    Telemeter  or  stadia  rods  are  made  of  clear  white 
•nine  well  seasoned,  about  X  of  an  inch  thick,  from  4  to  44  h 
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wide,  and  from  10  to  16  feet  long.  They  are  protected  by  a  metal 
shoe  to  keep  the  lower  end  from  being  battered  or  split.  The  rod 
is  stiffened  by  having  a  piece  2J  inches  wide  along  its  back. 
Generally  a  stadia  rod  is  hinged  at  the  center  for  greater  con- 
venience in  transportation,  and  at  the  same  time  it  is  provided 
with  a  bolt  on  the  back  to  protect  the  graduation  and  to  hold  it  in 
position  when  in  use. 

A  self -reading  level  rod  may  be  used  for  distances  if  the  wires 
are  adjustable  (see  Figs.  89  and  84),  or  if  the  wire  interval  has 


I 


Fig.  91. 

been  determined  in  standard  units.  The  rods 
used  in  connection  with  this  grade  of  work  ditter 
from  those  employed  in  ordinary  leveling. 
Those  with  graduations  have  the  inner  surface 
recessed  to  protect  the  graduated  surface,  and 
Fig.  90.  alv  pa[1Ltc.(l  white  with  the  scale  in  black.  The 
forms  of  graduation  are  different  on  different  rods.  In  some,  the 
unit  of  measure  is  the  meter,  while  others  have  the  foot,  as  will  be 
described  later.  When  telemeters  are  in  use,  they  tire  open,  laid 
flat,  and  held  securely  in  line  by  the  brass  clip  (or  bolt)  above 
referred  to.  They  are  sometimes  provided  with  a  target. 

In  order  to  have  the  rod  held  in  a  perfectly  vertical  position, 
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A,  B  and  C— U.  S  Coast  Survey.        D— U  S  I^ake  Survey.        E— U.  S  Engineers. 

Fig.  93. 
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which  the  rodman  can  tell  whether  the  rod  is  in  a  vertical  plane. 

Figs.  90  and  93,  D,  show  two  types  of  graduations  suitable 
where  the  meter  is  the  unit.  Fig.  93,  D,  has  for  many  years  been 
used  by  the  United  States  Coast  and  Geodetic  Survey  as  well  as 
by  the  United  States  Lake  Survey.  The  angles  of  graduation  divide 
the  rod  into  two  centimeter  intervals.  Fig.  90  shows  the  rod  used 
on  the  survey  of  the  Mexican  border.  The  graduation  is  apparent, 
and  no  further  explanation  need  here  be  given. 

Figs.  92  and  93,  C,  are  types  suitable  where  the  foot  is  the  unit. 
In  Fig.  92  the  width  comprised  between  the  ends  of  the  points  divide 
into  five  equal  parts,  the  vertical  black  lines  taking  up  two  of  these 
differences.  The  diagonal  then  gives  one  hundredth  of  a  foot,  and 
permits  readings  direct  to  single  feet.  Fig.  91  shows  a  plain 
rod  without  scale,  and  the  unit  is  the  foot.  Classes  A,  B,  C,  D  and 
E,  Fig.  93,  belong  to  the  respective  surveys  as  indicated. 
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TIME  OF  ELONGATION  AND  CULMINATION  OP  POLARIS. 


DATE  IN  1899. 

EAST 
ELONGATION. 

UPPER 
CULMINATION. 

WEST 
ELONGATION. 

LOWER 
CULMINATION, 

h.       m. 

h.       m. 

h.        m. 

h..        m. 

January        1 

0      41.9 

6      36.7 

12      31.5 

18      34.7 

15 

23      42.7 

5      41.7 

11      36.2 

17      39.4 

February      1 

22      35.5 

4      34.3 

10      29.1 

16      32.3 

15 

21      40.3 

3      39.0 

9      33.9 

15      37.0 

March          1 

20      45.1 

2      43.6 

8      38.6 

14      41.8 

15 

19      50.0 

1      48.8 

7      43.5 

13      46.8 

April             1 

18      43.0 

0      41.7 

6      36.5 

12      39.8 

15 

17      48.0 

23      42.8 

5      41.5 

11      44.8 

May              1 

16      45.2 

22      39.9 

4      38.7 

10      41.9 

15 

15      50  3 

21      45.0 

3      43.8 

9      47.0 

June             1 

14      43.6 

20      38.4 

2      37.1 

8      40.4 

15 

13      48.7 

19      43  5 

1      42.2 

7      45.5 

July              1 

12      46.1 

18      40.9 

0      39.6 

6      42  9 

15 

11      51.2 

17      46.0 

23      40.8 

5      48.0 

August          1 

10      44.7 

16      39  5 

22      34.3 

4      41.5 

15 

9      49.8 

15      44  6 

21      39.4 

3      46.6 

September    1 

8      43.2 

14      38  0 

20      32.8 

2      40  0 

15 

7      48.3 

13      43  1 

19      37  9 

1      45  1 

October        1 

6      45  5 

12      40  3 

18      33.1 

0      42  3 

15 

5      50.5 

11      45  3 

17      40.1 

23      43  4 

November     1 

4      43.7 

10      38.5 

16      33.3 

22      3(>  5 

15 

3      48  5 

9      43  3 

13      38.1 

21      41  3 

December     1 

2      45.5 

8      40  3 

14      33  1 

20      38  3 

15 

1      50.2 

7      45  0 

13      39.8 

19      43.0 

AZIMUTH   OP  POLARIS   AT  ELONGATION. 


VE\K. 

25  c 

3(r 

35  • 

40 

43 

sir 

33° 

1900 

1-  21'  .2 

1°  24'  .9 

1°  29'  .8 

la  ,30'  .0 

I1  44'  .0 

1°  54'  .4 

0°08'  .3 

1901 

1  20  .8 

1  24  .6 

1  29  .4 

1  33  .0 

1  43  .0 

1  34  .0 

2  07  .8 

1902 

1  20  .3 

1  24  .2 

1  29  .0 

1  35  .2 

1  43  .2 

1  53  .5 

2  97  .2 

1903 

1  20  .1 

1  23  .9 

1  28  .7 

1  34  .8 

1  42  .7 

1  53  .0 

2  06  .6 

1904 

1  19  .8 

1  23  .5 

1  28  .3 

1  34  .4 

]  42  .3 

1  52  .5 

2  06  .1 

1903 

1  19  A 

1  23  .1 

1  27  .9 

1  34  .0 

1  i  41  .8 

1  52  ,0 

2  05  .6 

1900 

1  19  .1 

1  22  .8 

1  27  .5 

1  33  .0 

1  41  .4 

1  51  .5 

2  05  .0 

1907 

1  18  .7 

1  22  4 

1  27  .1 

1  33  .2 

1  40  .9 

1  51  .0 

2  04  .4 

1908 

1  19  4 

1  22  1 

1  26  .8 

1  32  .8 

1  40  .5 

1  50  .6 

2  03  .9 
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UNITED  STATES  GEODETIC  SURVEY 
Base  Map  of  the  United  States 

Declinations  west  of  the  line  of  zero  declination  are  — ,  those  east  are  +. 
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PART  III. 


THE  GRADIENTER. 

The  vertical  circle  or  arc  of  the  transit  or  theodolite,  under 
ordinary  circumstances,  furnishes  the  means  of  measuring  the 
vertical  angle  through  which  the  line  of  collimation  is  turned,  or, 
on  the  other  hand,  of  turning  the  line  of  collimation  through  any 
desired  vertical  angle.  Much  of  the  work  of  the  engineer  consists 
in  measuring  slopes  or  grades,  or  in  setting  a  line  at  a  certain 
slope  or  grade;  and  the  data  are  given,  not  in  terms  of  the  vertical 
angle  directly,  but  usually  by  the  amount  of  rise  or  fall  per  100 
feet.  Thus,  a  rise  or  fall  of  2  feet  in  100  feet  is  designated  as  a 
2  per  cent  grade;  a  rise  or  fall  of  50  feet  to  trie  mile  would  be 
designated  as  a  0.95  per  cent  grade,  etc.  The  ratio  of  these  two 
quantities,  r/w  (or  fall}  to  reach  is  evidently  the  natural  tangent 
of  the  angle  of  slope;  and  before  the  vertical  circle  can  be  used  for 
setting  off  such  slopes,  the  ratio  must  be  transformed  into  degree* 
and  minutes  of  arc. 

The  tangent-screw  of  the  horizontal  axis  of  the  telescope 
without  the  aid  of  the  vertical  circle,  provides  the  means  of  quick, 
ly  and  accurately  setting  off  slopes  directly,  when  the  vertical 
anole  does  not  exceed  fifteen  or  twenty  degrees.  For  this  pur* 
pose,  the  ordinary  tangent-screw  is  replaced  by  a  fine  screw,  with 
very  uniform  pitch  and  large  graduated  head,  and  also  a  grad- 
uated scale  from  which  maybe  read  the  number  of  turns  or  double 
turns  made  by  the  screw.  The  graduated  head  fits  friction-tight 

«  o  o 

upon  the  neck  of  the  screw,  so  that  its  index  may  be  made  to  read 
zero  \\hen  the  line  of  collimation  is  horizontal;  and  it  is  usually 
dhided  into  fifty  parts,  so  that,  after  the  number  of  double  turns 
is  read  from  the  scale,  it  will  give  the  number  of  fiftieths  of  e 
single  turn,  or  hundred ths  of  a  double  turn.  (See  Fig.  04.) 

Let  the  distance  of  the  screw  from  the  axis  about  which  the 
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the  threads  by  t.  If  the  screw  is  turned  through  one  revolution, 
the  lever  AD  (Fig.  94)  is  moved  through  the  distance  DE,  and  the 
line  of  collimation  through  the  distance  BO,  upon  the  rod  PQ. 

DE         BC1          f 
Now,  the  tangent  of  the  angle  DAE  =  •••       •  =  =  -y-.     To 

this  ratio,  the  maker  of  the  instrument  can  give  any  convenient 

1 
value,  but  it  is  customary  to  make  it  =  -OQQJ  an(*  ^  ^^  ^e  so  con- 


sidered  throughout  this  discussion. 

If,  then,  the  line  of  collimation  be  directed  toward  the  gradu- 
ated rod   PQ,  the  space  over  which  the  line  of  collimation   is 

moved  for  one  revolution  of  the 


screw  is 


200 


of  the  distance  of 


the  rod  from  the  instrument; 
and  the  space  upon  the  rod  over 
which  it  is  moved  for  two  rev- 

2 

olutions  of  the  screw  =  -^-  ==  = 


Pig.  94. 


Y/17T 
10U 


above  distance.     If 


the  screw  is  turned  through  less  than  a  single  revolution,  it  will  be 

indicated  upon  the  graduated  head,  as,  for  instance,  -=^  of  a  single 

71  7 

turn,  the  intercept  upon  the  rod  being  ^  X-^JTT\  =  ~9~7W\°^  ^e 

distance  from  rod  to  instrument — it  being  understood,  of  course, 
that  the  rod  is  held  perpendicular  to  the  line  of  collimation  in  its 
initial  position.  The  index  of  the  graduated  head  should  read 
zero  when  the  line  of  collimation  is  horizontal,  and  the  reading  of 
the  scale  of  revolutions  should  be  zero  at  the  same  time. 

The  gradienter  may  be  used  as  a  telemeter,  as  a  level,  or 
simply  as  a  grade-measurer,  as  will  be  explained  in  what  follows. 

Call  s  the  intercept  upon  the  rod  for  any  movement  of  the 
gradienter-screw,  and  d  the  distance  from  the  instrument  to  the  rod. 

If  the  number  of  revolutions  of  the  gradienter-screw  is  known, 
whether  s  and  d  are  known  or  not,  the  tangent  of  the  angle  of 
inclination  of  the  line  AC  is  known,  and  the  instrument  is  a  grade- 
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If  the  space  s  and  the  number  of  revolutions  of  the  gradiei 
screw  are  known,  the  distance  d  is  known,  and  the  instrumen 
then  a  telemeter. 

If  the  distance  d  and  the  number  of  revolutions  of  the  gradi- 
enter- screw  are  known,  the  space  s  is  known,  and  the  instrument 
then  serves  the  purpose  of  a  level. 

As  a  gradienter,  the  instrument  may  be  used  either  to  meas- 
ure the  grade  of  a  given,  line,  or  to  lay  out  a  line  to  a  required 
grade. 

(1.)  Let  AB  (Fig.  95)  be  the  line  whose  grade  is  required. 
Set  the  transit  up  over  the  point  A,  and  level  carefully.  Measure 
the  height  of  the  cross-hairs  above  the  ground  by  holding  the  rod 
beside  the  instrument  and  noting  the  point  upon  the  rod  directly 
opposite  the  center  of  the  horizontal  axis  of  the  telescope.  Bring 

n  the  line  of  collimation  CE  hori- 

zontal by  means  of  the  bubble 
attached  to  the  telescope  (the 
instrument  is  supposed  to  be  in 
adjustment),  and  set  both  the 
indexes  to  zero.  Now  carry  the 
rod  to  the  point  B,  and  by  means  of  the  gradienter-screw  turn  the 
telescope  in  a  vertical  plane  until  the  line  of  collimation  strikes  the 
point  D  as  far  above  B  as  C  was  above  A.  Now  count  the  number 
of  full  turns  from  the  reading  of  the  scale  by  the  screw-head,  and 
the  number  of  fractions  of  a  turn  from  the  divided  head.  The 
former  will  give  the  rise  (or  fall)  infect  per  100,  and  the  latter  in 
hundredths  of  a  foot.  It  must  be  remembered  that  if  the  screw  has 
made  more  than  a  \vhole  turn  past  the  last  number  on  the  scale 
the  reading  of  the  head  must  be  increased  by  fifty. 

Thus,  if  the  reading  of  the  scale  is  3  and  the  reading  of  the 
head  is  35,  plus  one  whole  revolution,  the  rise  (or  fall)  per  100 
feet  will  be  as  follows : 

3    double  turns 3.00  ft. 

1     single  turn 0.50  ft. 

|_5.      «  '          0.35  ft. 

3.85  ft. 

So  that  the  slope  of    CD,  which  equals    that  of  AB,   is   therefore 
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EXAMPLE  FOR  PRACTICE. 

If  the  scale  reads  2  and  the  head  31?  determine  the  percent- 
age of  slope. 

(2.)  It  is  required  to  layout  in  a  given  direction  a  line  with 
a  given  percentage  of  slope  from  the  point  A.  See  Fig,  96. 

Set  up  the  instrument  on  the  given  point,  as  B,  and  level  it 
carefully.  Measure  the  height  of  the  cross-hairs  above  the  ground 
as  before,  and  set  the  pointers  to  read  zero  with  the  bubble  in  the 
center  of  the  telescope  tube.  Now  revolve  the  line  of  collimation 

in  a  vertical  plane  by  means  of 
the  gradienter-screw  so  as  to  set 
off  the  required  slope.  For  in- 
stance, suppose  it  is  required  to 
set  off  a  slope  of  2.78  per  cent. 
The  screw  should  be  turned 
five  complete  revolutions  as  in- 


lg<     ' 


dicated  upon  the  scale,  plus 


of  a  revolution  as  indicated  upon  the  divided  head  of  the  screw: 


200 


X  100  ft. 


=  2.50  feet. 
=  0.28  feet 


=  2.78  feet  per  100  feet. 

Now  carry  the  rod  to  any  convenient  point,  as  G,  in  the  direction 
of  the  required  line;  hold  it  in  a  vertical  position;  and  note  the 
height  of  the  line  of  collimation.  Take  the  difference  between 
this  and  OE  (=  AB).  If  this  difference,  as  KG,  is  positive,  it 
givea  the  height  of  the  grade  line  above  the  ground  and  indicates 
a  jfll  at  the  point.  If  the  difference  is  negative,  as  T)E,  it  gives 
the  depth  of  the  grade  line  below  the  ground  and  indicates  a 


EXAMPLE  FOR  PRACTICE. 

Let  it  be  required  to  set  off  a  8. 35  per  cent  grade,  and 
describe  the  operation  in  detail. 

^Vheu  the  gradienter  is  used  as  a  telemeter,  it  may  be  upon 
level  or  sloping  ground. 

(1.)  Upon  Level  Ground.  Set  up  the  transit  at  one  end  of 
the  line,  and  level  carefully.  Bring  the  bubble  of  the  telescope 
level  to  the  center  of  its  tube,  and  both  gradienter  scales  to  zero. 
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Now  send  the  rod  to  the  next  station  and  let  it  be  held  vertical; 

adjust  the  target  to  the  line  of  collimation  and  take  the  reading. 

Now  turn  the  gradienter-screw  through  two  revolutions  and  take 

the  reading  again  (see  Fig.  97). 

The  difference  of  '  the  two  read-  -  -  -  -  ID 

ings  gives  DE  in  feet;  and  since         *  'E 

the   gradienter-screw   has  been 

turned  through  two  revolutions, 

CE  =  100  DE.    Thus,  if  DE 

=  3.25  feet,  CE  =  325  feet. 

(2.)  Upon  Sloping  Ground.  On  sloping  ground  the  first 
reading  upon  the  rod  cannot  be  taken  with  the  telescope  horizon- 
tal, but  the  telescope  must  be  revolved  in  a  vertical  plane  until  the 
intersection  of  the  cross  -hairs  falls  at  a  division  upon  the  rod 
equal  to  the  height  of  the  cross-hairs  above  the  ground  at  the 
transit  station.  If  now  the  rod  be  held  perpendicular  to  the  line 
of  sight,  and  the  gradienter-screw  turned  through  two  revolutions, 

the  intercept  upon  the  rod  will  be  ~^-  of   the  required    distance. 


With  the  gradienter,  as  with  the  stadia,  it  is  more  convenient  to  hold 
the  rod  vertical  and  apply  the  necessary  correction  to  the  rod  reading. 
Set  up  the  transit  over  a  point  at  one  end  of  the  line  and  level 
carefully.  Measure  the  height  of  the  cross-hairs  above  the  ground. 
Now  loosen  the  clamp  of  the  tangent-screw  attached  to  the  vertical 

arc  or  circle,  and  revolve  the 
telescope  in  a  vertical  plane  until 
the  intersection  of  the  cross- 
hairs falls  upon  a  point  0  (Fig. 
98)  upon  the  rod  held  at  D,  such 
that  (  'D  —  AB.  Read  and  note 
the  vertical  angle  after  clamping 
the  gradienter-screw  with  both  scales  set  to  read  zero.  This  angle 
will  be  0  (Fig.  98).  Now  turn  the  gradienter-screw  through 
two  revolutions,  and  note  the  reading  ED  upon  the  rod;  the  differ- 
ence between  this  and  CD  (=  AB)  will  give  EC,  which  calls'; 
let  FC,  the  perpendicular  intercept  upon  the  rod,  be  called  S;  the 
distance  AC,  parallel  to  the  slope,  H';  and  let  the  horizontal  dis- 
tance AG  be  denoted  by  H.  Then  from  the  figure, 


Fig.  98. 
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H'  =  100  S. 

Now,  from  the  right  triangle  EAG,  the  angle  at  E  =  90°  - 
/  0  _j.  <^>);  and  'from  the  right  triangle  FAO,  the  angle  at  F  =  90° 
-  6.  Therefore,  in  the  triangle  CFE,  the  angle  at  F  =  180°  - 
(90°  -  0)  =  90°  +  & 

Therefore, 

S  :  S'  :  :  sin  [90°  -  (0  -f  <£)]  :  sin  (90  +  0); 
or  S  :  S'  :  :  cos  (0  +  <f>)  :  cos  0. 


0,   cos  0  cos  <f>  -  sin  0  sin  <£  . 

=  Sr  -  -  —  r  -  -  =  S'  (cos  6  -  sin  d>  tan  0); 

COS0  \  Y  Y  J9 

but  tan  0  =       r  ,  and  therefore  S  =  S'  (cos  <£  -  sin  </>  T-). 


TQQ- 

Therefore  H',  the  distance  along  the  slope, 

=  S'  (100  cos  <£  -  sin  <£)  ; 
and  H,  the  horizontal  distance, 

=  H'  cos  $  =  S'  (100  cos2  <f>  -  cos  £  sin  <£) 
=  S'  (100  cos2  </>  -  A  sin  2  <£) 
=  1008'  -8'  (100  sin2  0  +  A  sin  2  <^>). 

It  may  be  well  to  note  that  the  lower  reading  of  the  rod  need  not  nec- 
essarily be  such  as  to  make  CD  —  AB,  but  only  as  a  matter  of  convenience. 

EXAMPLE  FOR  PRACTICE. 

Upper  rod  reading  ~  7  4(J 
Lower  rod  reading  =  4.67 
Vertical  angle  of  lower  rod  reading  =  15°  35'. 
Required  to  find  the  distance  parallel  to  the  slope  between  B  and 
D  and  the  horizontal  distance  AG. 

Let  it  now  be  required  to  find  the  difference  of  elevation 
between  B  and  D  =  CG. 

Evidently  CG  =  II  tan  <J>  =  S'  (100  cos2  <£  tan  <p  -  cos  0  sin 
<£  tan  <£). 

=  S'  (100  sin  (f>  cos  <f>  -  sin2  <£) 
=  S'  (100  A  sin  2  <j>  -  sin2  0). 

In  the  last  example,  determine  the  difference  of  level  of  B 
and  D. 

It  must  not  be  forgotten  of  course,  that  the  gradienter  used 
in  this  way  cannot  give  results  so  accurately  as  the  SDirit  level: 
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but  nevertheless,  for  rapid  work,  the  results  will  be  sufficiently 
correct. 

If  the  student  possesses  a  set  of  stadia  reduction  tables,  the 
values  of  sin8  (f>  and  -|  sin  2  <£  can  be  taken  out  at  once  and  much 
labor  saved. 

To  Lay  out  a  Meridian  with  the  Transit.  By  means  of  the 
North  Star  at  Upper  or  Lower  Culmination.  Twice  in  24  hours 
(more  exactly,  23  hours  56  minutes)  the  north  star  "  culminates  " ; 
that  is  to  say,  it  attains  to  its  maximum  distance  from  the  pole,  above 
or  below  it.  At  the  moment  of  culmination,  the  star  is  upon  the 
meridian  and  if,  therefore,  a  line  be  ranged  out  upon  the  ground  in 
the  same  vertical  plane,  it  will  define  a  meridian. 

Set  up  the  transit  over  a  peg,  in  an  open  space,  giving  an 
unobstructed  view  of  a  line  about  400  or  500  feet  long.  Level  the 
instrument  carefully  (it  should  be  in  perfect  adjustment),  and,  a  few 
minutes  before  the  time  of  culmination,  as  given  in  the  table,  focus 
the  intersection  of  the  cross-hairs  upon  the  star;  clamp  the  plates,  the 
vertical  axis,  and  the  horizontal  axis  of  the  telescope.  Now  by 
means  of  the  tangent-screws  attached  to  the  vertical  axis  and  to  the 
vertical  circle,  move  the  telescope  in  azimuth  and  altitude,  keeping 
the  cross-hairs  fixed  upon  the  star.  After  a  time  it  will  be  found 
that  the  position  of  the  star  no  longer  changes  in  altitude;  it  is 
then  upon  the  meridian.  Now  clamp  the  vertical  axis,  plunge  the 
telescope,  and  carefully  center  a  stake  400  or  500  feet  from  the 
instrument;  the  line  connecting  the  two  stakes,  will  define  the  true 
meridian. 

The  whole  operation  may  be  repeated  several  nights  in  sue. 
cession,  and  the  mean  of  all  the  results  taken. 

By  Means  of  tlie  North  Star  at  Eastern  or  Western  Elon- 
gation. Twice  in  24  hours,  the  north  star  attains  to  its  maximum 
distance  east  or  west  of  the  pole,  called  its  eastern  or  western  "  elon. 
gation."  If  a  line  be  ranged  out  upon  the  ground  in  the  direc- 
tion of  the  star — at,  say,  the  time  of  eastern  elongation,  and  again 
at  the  time  of  western  elongation — and  if  the  angle  between 
these  two  lines  be  bisected  by  a  third  line,  this  last  line  will  evi- 
dently be  a  true  north  and  south  line. 

Otherwise.     Having  laid  out  a  line  upon  the  ground  in  the 
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a  table  the  azimuth  (or  bearing)  of  the  star  at  such  time,  and  upon 
the  horizontal  plate  of  the  transit  set  off  this  angle  to  the  east  and 
range ^out  a  line — which  will  therefore  be  a  true  north  and  south 
line.  If  the  position  of  the  star  is  taken  at  eastern  elongation,  the 
azimuth  must  be  turned  off  to  the  west. 

Set  up  the  transit  over  a  peg  a  few  minutes  before  the  star 
attains  its  maximum  elongation,  as  given  by  the  table.  Level,  and 
fix  the  line  of  collimation  upon  the  star,  following  its  movement 
as  described  under  the  previous  method.  After  a  time,  it  will  be 
found  that  the  movement  of  the  star  in  azimuth  ceases;  the  star 
has  then  attained  its  maximum  elongation.  Now  clamp  the  ver- 
tical axis  of  the  instrument,  plunge  the  telescope,  and  center  a  stake 
in  the  proper  direction.  Now  take  from  the  table  the  proper  azi- 
muth, revolve  the  upper  plate  through  the  given  angle  in  the 
proper  direction,  and  range  out  a  line  upon  the  ground  for  the  true 
meridian. 

In  order  to  determine  the  azimuth  of  the  north  star  at  eastern 
or  western  elongation,  it  is  necessary  to  know  the  latitude  of  the 
place  of  observation. 

Definitions.  The  altitude  of  a  star  is  the  vertical  angle  at 
the  instrument  included  between  the  plane  of  the  horizon  and  the 
line  from  the  instrument  to  the  star,  as  given  by  the  line  of  colli- 
mation. 

The  latitude  of  a  place  is  equal  to  the  altitude  of  the  pole. 

If,  therefore,  we  have  any  method  of  determining  the  altitude 
of  the  pole,  the  latitude  of  the  observer  is  known  at  oriee. 

The  altitude  of  the  pole  may  be  determined  by  observing  the 
altitude  of  the  north  star,  first  at  its  upper  culmination  and  again 
at  its  lower  culmination.  The  mean  of  these  observations,  cor- 
rected  for  refraction,  will  give  the  altitude  of  the  pole  and  there- 
fore the  latitude  of  the  observer.  See  tables  of  refraction  of  Polaris. 

Set  up  the  transit  and  level  it,  and  proceed  in  the  same  man- 
neras  described  under  the  first  method  for  laying  out  a  trueanerid- 
ian.  When  the  star  has  reached  its  maximum  distance  above  or 
below  the  pole,  as  indicated  by  the  line  of  collimation  moving  in 
a  horizontal  plane,  clamp  the  horizontal  axis  of  the  telescope  and 
read  the  angle  upon  the  vertical  circle.  The  result  will  be  the 

a1flfn/-L:x  r\£  fV»£i  of  OY»     oo-rrof  VIT-IVWHI  «Til  >v*  i  -r*  «4-i  /-x«  "D^^r.r.4-  4-T-» ,-,  siv^*,^  4.  ?,->.*•. 
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at  lower  culmination.  Now,  if  A  represents  the  altitude  at  upper 
culmination,  and  Ax  the  altitude  at  lower  culmination  id  the  refrac- 
tion at  upper  culmination,  and  dl  the  refraction  at  lower  culmina- 
tion, then  Ap,  the  altitude  of  the  pole  (=  latitude  of  the  place), 
will  be  given  by  the  following: 

Ap  =  J  (A  +  A,- d-d,) 

It  will  be  well  to  repeat  these  observations  and  take  the  mean 
of  the  results  as  the  probable  altitude  of  the  pole. 


Fig,  99. 


THE  SOLAR  TRANSIT. 

The  solar  transit  is  an  ordinary  engineer's  transit  fitted  with 
a  solar  attachment.  Of  the  many  forms  of  solars  in  use,  that 
invented  by  G.  N.  Saegmuller,  AVasliinerton,  P.  C\,  seems  to  bo  the 
favorite.  In  its  latest  form  it  is  shown  in  Fig.  90,  and  consists  of 
a  telescope  and  level  attached  to  the  telescope  of  the  transit  (see 
Fig.  100)  in  such  a  manner  as  to  be  free  to  revolve  in  tvro  direc- 
tions at  right  angles  to  each  other.  TThen  the  transit  telescope  is 
horizontal  and  the  bubble  of  the  solar  in  the  center  of  its  tube,  the 
tiuxiliarv  teleacone  with  its  bubble  revolves  in  horizontal  and  ver- 
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If  now  the  line  of  collimation  of  the  transit  be  brought  into 
the  meridian,  the  telescope  pointing  to  the  south,  then,  if  we  lay 
off  upon  the  vertical  circle,  upward,  the  co-latitude  of  the  place, 
the  polar  axis  of  the  solar  will  be  parallel  to  the  axis  of  the  earth. 
If  now  the  two  lines  of  sight  are  parallel  and  the  solar  telegfcope  is 
revolved  upon  its  polar  axis,  it  is  evident  that  its  line  of  sight  will 
describe  a  plane  parallel  to  the  plane  of  the  equator.  If  now  the 
transit  telescope  be  still  maintained  parallel  to  the  equator,  if  we 
turn  the  solar  telescope  upon  its  horizontal  axis  until  the  angle 
between  the  two  lines  of  collimation  equals  the  declination  of  the  sun, 
then  when  the  solar  telescope  is  revolved  upon  its  polar  axis^its 
line  of  collimation  will  follow  the  path  of  the  sun  for  the  given 
day,  provided  there  be  no  change  in  the  sun's  declination.  If 
therefore  the  solar  telescope  is  revolved  until  the  image  of  the  sun 
is  brought  between  a  pair  of  horizontal  and  vertical  wires,  pro- 
vided  in  the  telescope  for  that  purpose,  at  that  instant  the  line  of 
sight  of  the  transit  telescope  is  in  the  meridian. 

The  horizontal  axis  of  the  solar  telescope  and  the  polar  axis  of 
the  solar  are  provided  with  clamps  and  tangent-screws  by  means 
of  which  careful  adjustments  may  be  made.  Two  pointers  are  at- 
tached to  the  solar  telescope,  so  adjusted  that  when  the  shadow  of 
the  one  is  thrown  upon  the  other,  the  sun  will  appear  in  the  field 
of  view.  There  are  also  provided  colored  glass  shades  to  the  eye- 
piece  to  protect  the  eye  when  observing  upon  the  sun.  The 
objective  and  the  cross-hairs  are  focused  in  the  usual  way. 

Adjustments  of  the  Solar  Transit.  It  is  assumed  in  what 
follows  that  the  transit  is  in  perfect  adjustment,  particularly  the 
plate  levels,  the  horizontal  axis  of  the  telescope,  and  the  zero  of 
the  vertical  circle. 

1.  To  adjust  the  Polar  Axis.  The  polar  axis  should  be 
vertical  when  the  line  of  collimation  and  the  horizontal  axis  of  the 
telescope  are  horizontal.  To  make  this  adjustment,  level  the  tran- 
sit by  means  of  the  plate  levels.  If  the  telescope  is  not  fitted  with 
a  level,  make  the  vernier  of  the  vertical  circle  read  zero.  Now 
bring  the  bubble  of  the  solar  to  the  center  of  its  tube  and  clamp 
the  horizontal  axis.  Loosen  the  clamp  of  the  polar  axis,  and  turn 
the  solar  upon  its  polar  axis  through  180°.  If  the  bubble  remains 
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bubble  runs  toward  one  end  of  the  tube,  correct  one-half  of  the 
error  by  revolving  the  solar  telescope  upon  its  horizontal  axis  and 
the  other  half  by  means  of  the  capstan -headed  screws  at  the  base 
of  the  solar. 

If  the  telescope  of  the  transit  is  fitted  with  a  level,  it  will  be 
better  to  test  the  vertically  of  the  vertical  axis  by  means  of  it, 
since  it  is  longer  and  more  sensitive  than  the  bubbles  upon  the 
plate.  To  do  this,  revolve  the  telescope  upon  its  vertical  axis 
until  it  is  directly  over  a  pair  of  diagonally  opposite  plate  screws, 
and  bring  the  bubble  to  the  center  by  means  of  the  tangent-screw 
attached  to  the  horizontal  axis  of  the  telescope.  JsTow  revolve  the 
telescope  upon  its  vertical  axis  through  180°,  and  note  if  the  bub- 
ble runs  to  one  end;  if  it  does  correct  one-half  the  error  by  the 
parallel  plate-screw  and  the  other  half  by  the  tangent-screw  of  the 
horizontal  axis,  and  repeat  this  test  and  correction  until  the  bubble 
remains  in  the  center  in  all  positions. 

2.  To  Adjust  the  Cross-Hairs  of  the  Solar.  The  line  of 
collimation  of  the  solar  telescope  should  be  parallel  to  the  line  of 
colliination  of  the  transit  telescope.  The  first  adjustment  having 
been  made,  first  bring  the  telescope  into  the  same  vertical  plane  by 
centering  a  stake  by  the  transit  telescope  and  clamping  the  verti- 
cal axis.  Now  turn  the  telescope  of  the  solar  upon  the  polar  axis 
until  the  intersection  of  the  cross-hairs  covers  the  same  point  upon 
the  stake,  and  clamp  the  polar  axis.  Now  level  both  telescopes 
by  bringing  the  bubbles  to  the  center,  and  measure  the  distance 
between  the  axes  of  the  two  telescopes;  draw  at  this  distance  two 
black  parallel  lines  upon  a  piece  of  white  paper.  Tack  up  the 
paper  against  a  wall,  post,  or  other  convenient  object,  adjusting  it 
in  position  so  that  one  black  line  is  covered  by  the  horizontal  cross- 
hair of  the  transit  telescope;  notice  if  the  other  black  line  is  cov- 
ered by  the  horizontal  cross-hair  of  the  solar;  if  so,  the  adjustment 
is  completed;  otherwise,  move  the  diaphragm  currying  the  cross- 
hairs of  the  solar,  until  the  second  black  line  is  covered.  Adjust 
ing  the  cross-hair  diaphragm  may  displace  the  solar  telescope  ver- 
tically, so  that  the  bubble  should  again  be  brought  to  the  center  of 
the  tube,  and  the  adjustment  tested  and  repeated  until  the  two 
lines  of  collimation  are  parallel,  when  the  two  bubbles  are  simul. 
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The   Use  of  the  Solar  Transit.     An  ob 

solar  transit  Involves  four  quantities  as  follows : 

1.  The  time  of  day,  that  is  to  say,  the  hour-angle  of  the  sun. 

2.  The  declination  of  the  sun. 

3.  The  latitude  of  the  place  of  observation. 

4.  The  direction  of  the  meridian. 

Any  three  of  these  quantities  being  known,  the  fourth  may  fae 
determined  by  direct  observation.  The  principal  use  of  the  solar 
transit  is  to  determine  a  true  meridian  when  the  other  three  quan- 
tities are  known. 

To  Lay  Out  a  True  Meridian.  Set  tip  the  transit  over  a  stake; 
level  the  instrument  carefully;  and  bring  the  linea  of  collimation 
of  the  telescopes,  into  the  same  vertical  plane  by  the  method  pre- 
viously described.  Take  the  declination  of  the  sun  as  given  in  the 
Nautical  Almanac  for  the  given  day,  and  correct  it  for  refraction 
and  hourly  change.  Revolve  the  transit  telescope  upon  its  hori- 
zontal axis  so  that  the  vertical  circle  will  record  this  corrected  dec- 
lination, turning  it  down  if  the  declination  is  north,  and  elevating 
it  if  the  declination  is  south.  Now,  without  disturbing  the  posi- 
tion of  the  transit  telescope,  bring  the  solar  telescope  to  a  horizon- 
tal  position  by  means  of  the  attached  level.  It  is  evident  that  the 
angles  between  the  lines  of  collimation  will  equal  the  corrected 
declination  of  the  sun,  and  the  inclination  of  the  solar  telescope 
to  its  polar  axis  will  be  equal  to  the  polar  distance  of  the  sun. 

Next,  without  disturbing  the  relative  positions  of  the  two  tele* 
scopes,  set  the  vernier  of  the  transit  telescope  to  the  co-latitude  of 
the  place,  and  clamp  the  horizontal  axis.  It  is  evident  that  the 
transit  telescope  is  parallel  to  the  equator,  and  that  the  solar  tele- 
scope is  in  a  position  to  describe  the  path  of  the  sun  when  the  line 
of  collimation  of  the  transit  is  In  the  true  iiu-riillcin\  and  unless 
the  line  of  collimation.  is  in  the  true  meridian,  the  sun  cannot  be 
brought  between  the  cross-hairs  of  the  solar  telescope.  Therefore 
unclamp  the  vertical  axis  of  the  transit  and  the  polar  axis  of  the 
solar,  and,  maintaining  the  relnttre  positions  of  the  telescopes 
revolve  the  transit  upon  its  vertical  axis,  and  the  solar  upon  its 
polar  axis,  until  the  sun  is  brought  between  the  cross -hairs  of  the 
"N"nw  plarrm  thft  vertical  axis  of  the  trausit  and 
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The  solar  apparatus  should  Dot  be  used  between  11  A.  M.  and 
1  p.  M.  if  the  best  results  are  desired.  From  7  to  10  A.  M.  and 
from  2  to  5  p.  M.  in  the  summer  will  give  the  best  results.  The 
greater  the  hour-angle  of  the  sun,  the  better  the  observation  will 
be  so  far  as  instrumental  errors  are  concerned.  However,  if  the 
sun  ia  too  close  to  the  horizon,  the  uncertainties  in  regard  to  refrac- 
tion will  cause  unknown  errors  of  considerable  magnitude. 

Observation  f*r  Time.  If  the  two  telescopes — being  in 
position,  one  in  the  meridian  and  the  other  pointing  to  the  sun — 
are  now  revolved  upon  their  horizontal  axes  (the  vertical  remaining 
undisturbed)  until  each  is  level,  the  angle  upon  the  horizontal 
plate  between  their  directions,  as  found  by  sighting  on  a  distant 
object,  will  give  the  time  from  apparent  noon,  reliable  to  within  a 
few  seconds. 

To  Determine  the  Latitude.  Level  the  transit  carefully,  and 
point  the  telescope  toward  the  south,  setting  off  the  declination  of 
the  sun  upon  the  vertical  circle,  elevating  the  object  end  if  the  dec- 
lination  ia  south,  and  depressing  it  if  the  declination  ia  north. 
Bring  the  telescope  of  the  solar  into  the  same  vertical  plane  with 
the  transit  telescope  by  the  method  previously  described,  level  it 
carefully,  and  clamp  it.  The  angle  between  the  lines  of  collimation 
will  then  equal  the  declination  of  the  sun.  With  the  solar  tele- 
scope, observe  the  sun  a,  few  minutes  before  its  culmination,  by 
moving  the  transit  telescope  in  altitude  and,  azimuth  until  the 
image  ,of  the  sun  is  brought  between  the  cross-hairs  of  the  solar, 
keeping  it  there  by  means  of  the  tangent- screws  until  the  sun  ceases 
to  rise.  Then  take  the  reading  of  the  vertical  circle,  correct  for 
refraction  due  to  altitude  by  the  table  below,  subtract  tlie  result 
from  90°,  and  the  remainder  is  the  latitude  sought. 
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PHOTOGRAPHIC  VIEW  AND  CONTOUR  MAP  IN  YOSEMITE  VALLEY,  CALIFORNIA 

These  two  reproductions  of  the  same  area  give  a  good  idea  of  the  two  methods  of  showing 

topographical  features 
Courtesy  of  the  United  States  Geological  Survey,  Washington,  D    C 
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Mean  Refraction  at  Various  Altitudes.* 

Barometer,  30  inches.    Fahrenheit  Thermometer,  50°. 


Altitude. 

Refraction. 

Altitude. 

Refraction. 

10° 

5' 

19" 

20° 

% 

39" 

11 

4 

51 

25 

2 

04 

12 

4 

27 

30 

1 

41 

13 

4 

07 

35 

1 

23 

14 

3 

49 

40 

1 

09 

15 

3 

34 

45 

58 

16 

3   - 

20 

50 

49 

17 

3 

08 

60 

34 

18 

2 

57 

70 

21 

19 

2 

48 

80 

10 

Preparation  of  the  Declination  Settings  for  a  Day's  Work* 

The  solar  ephemeris  gives  the  declination  of  the  sun  for  the  given 
day,  for  Greenwich  mean  noon.  Since  all  points  in  America  are 
west  of  Greenwich,  by  4,  5,  G,  7,  or  8  hours,  the  declination  found 
in  the  ephemeris  is  the  declination  at  the  given  place  at  8,  7,  6,  5, 
or  4  o'clock  A.  jvr.  of  the  same  date,  according  as  the  place  lies  in 
the  u  Colonial/'  fc*  Eastern/'  -  Central/'  -  Mountain,"  or  fc*  Pa- 
c'itic"  time  belts  respectively. 

The  columns  headed  "  Refraction  Corrections"  (see  table) 
give  the  correction  to  be  made  to  the  declination,  for  refraction 
for  any  point  whose  latitude  is  40  .  If  the  latitude  is  more  or  less 
than  40",  these  corrections  are  to  be  multiplied  by  the  correspond- 
ing coefficient  given  in  the  table  of  ••  Latitude  Coefficients  "  (page 
148).  Thus  the  refraction  corrections  in  latitude  30°  are  Go  one- 
hundredth^,  and  thot-e  of  50  14:2  one-hundredth^  of  the  correspond- 
ing ont'S  in  latitude  4(V.  There  is  a  slight  t-iror  in  the  use  of 
thebe  latitude  coefficients,  but  the  maximum  error  u  ill  not  amount 
to  over  15  seconds,  except  \\hen  the  Mm  is  very  near  the.  horizon, 
and  then  any  refraction  becomes  very  uncertain.  All  refrac- 
tion tables  are  made  out  for  the  mean  (or  average)  refraction 
\\hereas  the  actual  refraction  at  any  particular  time  and  place  maj 
be  not  more  than  one-half  or  as  iniieh  as  twice  the  me, in  refraction, 
with  small  altitude^.  The  errors  made  in  the  use  of  ther-e  latitude 
coefficients  are  therefore  very  small  compared  with  the  errors  re- 

*This  table,  as  well  as  those  following,  is  taken  from  the  catalogue  of 
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suiting  from  the  use  of  the  mean,  rather  than  unknown  actual, 
refraction  which  affects  any  given  observation. 


Latitude  Coefficients. 


L^T. 

COEET. 

liA.T. 

CO  JEFF. 

LAT. 

COEFF. 

LAT. 

OOEFF. 

15° 

.30 

27° 

.56 

39° 

.96 

51° 

1.47 

16 

.32 

28 

.59 

40 

1.00 

52 

1.53 

17 

.34 

29 

.62 

41 

1.04 

53 

1.58 

18 

.36 

30 

.65 

42 

1.08 

54 

1.64 

19 

.38 

31 

.68 

43 

1.12 

55 

1.70 

20 

.40 

32 

.71 

44 

1.16 

56 

1.76 

21 

.42 

33 

.75 

45 

1.20 

57 

1.82 

22 

.44 

34 

.78 

46 

1.24 

58 

1.88 

23 

.46 

35 

.82 

47 

1.29 

59 

1.94 

24 

.48 

36 

.85 

48 

1.33 

60 

2.00 

25 

.50 

37 

.89 

49 

1.38 

26 

.53 

38 

.92 

50 

1.42 

If  the  date  of  observation  be  between  June  20  and  September 
20,  the  declination  is  positive  and  the  hourly  change  negative; 
while  if  it  be  between  December  20  and  March  20,  the  declination 
ia  negative  and  the  hourly  change  positive.  The  refraction  cor- 
rection is  always  positive;  that  is,  it  always  increases  numerically 
the  north  declination,  and  diminishes  numerically  the  south  dec- 
lination.  The  hourly  refraction  corrections  given  in  the  ephem- 
eria  are  exact  each  for  the  middle  day  of  the  five-day  period,  cor- 
responding  to  that  of  hourly  corrections.  For  the  extreme  days 
of  any  such  period,  an  interpolation  can  be  made  between  the 
adjacent  hourly  corrections,  if  desired. 

By  using  standard  time  instead  of  local  time,  a  slight  error 
is  made,  but  the  maximum  value  of  this  error  is  found  at  those 
points  when  the  standard  time  differs  from  the  local  time  by  one- 
half  hour,  and  in  the  spring  and  fall  when  the  declination  is  chang- 
ing rapidly.  The  greatest  error  then,  is  less  than  30  seconds,  and 
this  is  smaller  than  can  be  set  off  on  the  vertical  circle  or  declina- 
tion arc.  Even  this  error  can  be  avoided  by  using  the  true  dif- 
ference of  time  from  Greenwich  in  place  of  standard  meridian 
time. 

EXAMPLES  FOR  PRACTICE. 

(1)  Let  it  be  required  to  prepare  a  table  of  declination  for 
June  10,  1904,  for  a  point  whose  latitude  is  40°  20' ,  and  which 
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Since  the  time  is  6  hours  earlier  than  that  at  Greenwich,  the 
declination  given  in  the  ephemeris  is  the  declination  at  the  given 
place  at  6  A.  M.  of  the  same  date.  This  is  found  to  be  23°  0'  18". 
To  this  must  be  added  the  hourly  change  which  is  also  plus  and 
equal  to  11.67".  The  latitude  coefficient  is  1.013.  The  following 
table  may  now  be  made  out. 


HOUR 

DECLINATION 

REF  COR 

SETTING 

HOUR 

DECLINATION 

REF.  COR 

SETTING 

7 

-  23°  (X  30" 

-no* 

23°  I'  40" 

1 

23°  I'  41" 

18" 

23°  1'  59" 

8 

-  23°  0'  41" 

-  44" 

23°  1'  25" 

2 

23°  I7  52* 

22" 

23°  2']  4" 

9 

-  23°  0'  53" 

-  29" 

23°  1'  22" 

3 

23°  2'  04" 

29" 

23°  2'  33" 

10 

-23°!'  5" 

h  22" 

23°  I7  27" 

4 

23°  2'  16" 

44" 

23°  3'  0" 

11 

r-  23°  1'  17" 

h  18" 

23°  1'  35" 

5 

23°  2'  28" 

I'lO" 

23°  3'  38" 

PROBLEMS  INVOLVING  USE  OF  TRANSIT. 

Perpendiculars  and  Parallels.  To  erect  a  p& pendicular  to 
a,  line  at  a  given  point  of  the  line.  Set  up  the  transit  over  the 
given  point,  and  with  the  verniers  set  to  0°,  direct  the  line  of 
sight  along  the  given  line.  Clamp  the  lower  motion,  unclamp  the 
upper  motion,  and  turn  off  an  angle  of  90°  in  the  proper  direction 
for  the  required  line. 

To  erect  a  perpendicular  to  an  inaccessible  line  at  a  given 
point  of  tlie  line.     Let  AB,    Fig.  101,  be   the  given   inaccessible 
line,  and  A  the  point  of  the  line  at  which   it   is   proposed  to  erect 
the  perpendicular  AD.     Select 
some  point  II  from  which  can  be 
distinctly  seen  the  points  A  and 
1>  of  the  inaccessible  line.  Set  up 
the  transit  at  the  point  II,  and 


measure  the  angle  ATIB.  Also 
from  the  point  II  run  out  and 
measure  a  line  of  any  convenient 
leno-th,  and  in  such  a  direction  that  the  points  A  and  B  can  be 
seen  from  its  extremity,  as  E.  NONV  measure  the  angles  AHE 
and  BIIE.  Now  set  up  the  transit  at  E,  and  measure  the  angles 
BEIT,  BEA,  and  A  Ell.  In  the-  triangle  A11E,  we  know 
from  measurement  the  length  of  the  side  HE,  as  also  the  angles 
AIIE  and  AEII,  from  which  may  bo  calculated  the  length  of 
the  side  AH,  which  is  also  one  side  of  the  triangle  AIIB.  From 
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Refraction  Correction. 

Latitude,  40°. 


January. 
'     tr 

February. 

March. 
t    it 

April. 
t    rt 

May. 
9    tt 

June. 

1 

lh.  1  58 
2      2  16 

1 
2 

1 

lh.  1  03 
2     1  10 

2 

Sh.  0  57 
4     1  19 

1 

lh.  0  28 
2  0  32 

1, 

2 

5h.  1  U 

2 
3 

3     3  04 
4      6  23 

1      1  o4 

3 

lh.  1  26 

3 

4 

3     1  27 
4     2  06 
5     4  39 

3 

4 
5 

5     2  18 

1      039 

2     044 

2 
3 

3  039 
4  0  55 
5  130 

3 
4 
5 

1  019 
2  023 
3  0  30 

4 

2     1  37 

5 

1      059 

6 

3     0  54 

4 

1  026 

6 

4  043 

6 

7 
8 

9 
10 
11 
12 
13 

14 
15 

2      2  11 
3      2  59 
4      6  01 
1      1  51 
2      207 
3      251 
4     5  40 
1      1  46 
2      2  01 

5 
6 

7 

8 
9 
10 
11 
12 

13 
14 
15 

3     204 
4     321 
1      1  21 
2     1  31 
3      1  56 
4     304 

1     1  16 
2     1  25 
3     1  48 

6 

7 
8 
9 

10 
11 
12 
13 
14 

15 
16 

2     1  06 
3     1  21 
4     1  56 
5     404 

1      0  55 
2     1  02 
3     1  15 
4      1  47 
5      3  34 

1      052 
2     058 

8 

9 
10 
11 
12 
13 

14 
15 
16 
17 

4     1  14 
5      208 

1      036 
2     0  41 
3      051 
4     1  10 
5      1  58 

1      0  34 
2      038 
3     0  48 
4      1  06 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

2  0  30 
3  037 
4  053 
5  1  26 
1  025 
2  0  29 
3  0  36 
4  0  51 
5  1  22 
1  0  23 
2  027 
3  0  34 

7 

8 
9 
10 
11 
12 

13 
14 
15 
16 
17 

5  110 

1  018 
2  022 
3  029 
4  043 
5  109 

1  018 
2  022 
3  029 
4  042 
5  108 

17 
18 

19 
20 
21 
22 
23 

24 
25 

26 
27 
28 

29 

3      240 
4      500 
1      1  42 
2      1  56 
3      2  31 
4      4  35 
1      1  37 
2     1  58 
3      2  22 
4     407 
1      1  32 

16 
17 

18 
19 
20 
21 
22 

23 
24 
25 
26 
27 

28 

4     2  47 
5     8  39 

1      1  12 
1      1  20 
3     1  40 

4     2  31 
5      6  49 

1      1  07 
2      1  15 
3      1  33 

4     2  18 
5h.  5  28 

17 
18 
19 

20 
21 
22 
23 

24 

25 
26 
27 
28 
29 

3      1  10 
4     1  39 
5     308 

1      048 
2     054 
3     1  05 
4      1  32 
5      2  51 

1      0  45 
2      0  50 
3      1  01 
4      1  25 

5      2  34 

18 

19 
20 
21 
22 
23 

24 
25 
26 
27 

28 

29 
30 

5      1  49 

1      032 
2      036 
3     0  45. 
4      1  02 
5      1  42 

1      030 
2      0  34 
3     042 
4      0  58 
5      1  36 

1      0  28 

2h.  0  32 

17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

29 

4  049 
5  1  18 
1  0  22 
2  0  26 
3  033 
4  0  47 
5  1  15 
1  0  21 
2  0  23 
3  0  32 
4  0  46 
5  1  13 

1  020 
2  0  21 

18 
19 
20 
21 
22 

23 
24 

23 
20 

27 

28 
29 

1  018 
2  022 

3  028 
4  042 
5  108 

1  018 
2  022 
3  029 
4  '  0  42 
5  108 

1  018 
2  0  22 
3  0  29 

2      1  44 

30 

1      0  42 

30 

4  081 

t'JO 

4h.  0  43 

30 

3      2  13 

31 

2h.  0  47 

4  0  4t 

31 

4h.  3  41 

,"1 

5h.  1  11 

July. 

August. 

September. 

October. 

November. 

December, 

r     rt 

t     tr 

i    n 

i     n 

t    n 

t    tr 

1 

5h.  1  09 

1 

1 

lh.  0  39 

1 

lh.  0  59 

1 

2h.  :j  21 

1 

Hi.  1  51 

2 

2      0  44 

2 

2      1  06 

2 

3  1  !  57 

., 

2  2  11 

3 

1      0  19 

o 

lh.  0  26 

3 
4 

3      0  54 
4      1  14 

g  4 

3      1  21 
4      1  56 

I 

4 

r 

;j 

8  2  59 

i  6  01 

4 

2      0  23 

3 

2      0  30 

5      2  08 

5      4  OL 

4 

5 

3      0  30 

4 

3      0  37 

" 

° 

5 

1  1  82 

tj 

6 

4      0  43 

5 

4      0  53 

6 

1      0  42 

fi 

1      1  0'{ 

it 

2  1  11 

5 

1  1  58 

7 

5      1  10 

G 

5      1  26 

7 

2      0  47 

7 

2      1  10 

7 

(> 

2  2  16 

8 
9 
10 

1      0  20 
2      0  24 
3      0  31 

7 
8 
9 

1      028 

2      0  82 
3      0  39 

8 
9 
10 

3      0  57 
4      1  19 
5      2  18 

8 
9 
10 

8      1  27 
4      2  0(5 
5       I  3U 

8 
9 

10 

4  341 
5 

1  1  37 

7 
K 
11 

3  •{  ()t 
t  (>  23 

11 

4      0  44 

10 

4      0  55 

11 

1      0  45 

11 

1      1  07 

11 

2  1  50 

10 

1  2  00 

12 

5      1  11 

11 

5      1  30 

12 

2      0  50 

12 

2      1  15 

12 

!i  '*  "21 

II 

2  2  19 

13 
14 

1      021 
2      0  25 

12 
13 

1      0  30 
2      0  31 

If 

3      1  01 
4      1  25 
r>      **  *J-l 

U 

3      1  83 
I      2  IS 

r.         -    •-»(  i 

n 
n 

4  L-  07 
5 

1J 

1  t 

3  8  09 
1  6  88 

15 

3      0  32 

14 

8      0  42 

15 

It) 

<)          i)    it  \t 

15 

1  1  12 

*  * 

5 

16 

4      0  46 

15 

4      0  58 

16 

1      0  18 

16 

1      1  12 

Hi 

2  1  56 

r, 

1  2  01 

17 

5      1  13 

10 

5      1  36 

17 

2      0  54 

17 

2      1  20 

17 

3  2  81 

in 

2  2  20 

18 
19 
20 

1      022 
2      0  26 
3      0  33 

17 
18 
19 

1      032 

2      0  36 
3      0  45 

18 
19 
20 

3      1  05 
4      1  32 
5      3  51 

IS 
19 
20 

3      1  40 
4      2  81 
5      6  29 

IS 
19 

20 

I  4  35 
5 

1  1  46 

17 

IS 
111 

.'{  3  1  1 
4  6  47 
5 

21 

4      0  47 

'JO 

4      1  02 

21 

1      0  52 

21 

1      1  16 

21 

2  2  OL 

20 

1  2  01 

22 

5      1  13 

21 

5      1  42 

22 

2      0  58 

22 

2      1  25 

22 

3  2  40 

IM 

2  2  20 

24 

1      023 
2      0  27 
3      0  34 

23 
24 

1      0  34 

2      0  38 
3      0  48 

23 

24 
23 

3      1  10 
4      1  39 
5      3  08 

23 
24 
23 

3      I  48 
4      2  47 
5      8  39 

2*1 

25 

t  1  59 
5 

i  i  r,o 

24: 

:;  3  11 

4  (i  49 

5 

26 

4      049 

25 

4      1  06 

26 

1      0  55 

26 

1      1  21 

26 

2  2  mi 

25 

1  2  00 

27 

5      1  18 

26 

5      1  49 

27 

2      1  02 

27 

2      1  31 

27 

8  2  L9 

26 

2  2  19 

28 
29 

1      025 
2      0  29 
3      036 

27 
28 
29 

1      036 
2      0  41 
3      051 

28 
29 
30 

3      1  15 
4      1  47 
5h.  3  34 

28 
29 
30 

3      1  56 
4      3  04 
5    11  01 

2.S 
29 

30 

4  5  S,i 
flh 

27 
2H 
29 

3      3  09 
t      6  43 
5h. 

30 

4      051 

30 

4      1  10 

lh.  1  26 

30 

31 

5h.  1  22 

31 

5h.  1  58 

31 

1  37 

SI 
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mentj  as  well  as  the  angles  BHE  and  BEH,  from  which  we 
can  calculate  the  length  of  the  side  BH,  which  is  also  one  side  of 
the  triangle  ATIB.  Therefore  in  the  triangle  AHB,  we  have 
the  lengths  of  the  two  sides  AH  and  BH  by  calculation;  and  the 
angle  AHB  by  measurement.  We  can  therefore  calculate 
the  angle  HAB,  which  equals  the  angle  AHD.  Set  up  the  transit 
at  E,  sight  to  A,  and  turn  off  the  angle  AHD  (=  HAB), 
measuring  off  HD  of  a  length  equal  to  AH  cos  AHD.  Then 
AD  will  be  the  perpendicular  required,  and  its  length  will  equal 
AH  sin  AHD. 

The  calculation  is  as  follows:  In  the  triangle  AHE,  the  angle 
HAE  =  180°  -  (AHE  +  AEH)3  and  therefore  AH  :  HE  :  :  sin 

AEH  :  sin  HAE;  or,  AH  =  HE  ?n  t?L 

sin  HAE 

In  the  triangle  HEB,  HBE  =  180°  -  (BHE  +  BEH),  and 
therefore  HB  :  HE  :  :  sin  HEB  :  sin  HBE; 

or  HB  =  HE  ™™. 

sm  HBL 

In  the  triangle  AHB,  the  sum  of  the  angles  II AB  and  II  LA 
=  180°  -  AHB.  Let  &  represent  the  difference  of  the  angles  II  AB 
and  IIBA.  Then,  from  trigonometry, 

All  +  HB  :  AH-IIB  ::  tan  i  (ABA  +  HAB)  .  tall  i  (AIJH- 

IIAB); 
or,  All  +  HB  :  All  -  HB  ::  tan  i  (ls<V  -  AIIB)  :  tail  ^  ,/>; 

or,  AH  +  HB  :  AH  -  IIB  ::  cot  ^^:  tan  1  ,/•. 

& 

From  this  last  proportion  we  find  ,c,  the  difference  of  tho  t\vo  angles 
HAB  and  IIBA.  We  then  liavo  tho  simultaneous  equations: 

HAB  -!    HBA  =  <?(>ay) 

IIAB  -   IIBA  ^  ,7  (Jiy) 

Therefore  II AB  _=  — [  — ;  and  IIBA  ^  -~—. 
/j  X/ 

KXAMPLE  FOR   PRACTICE 

Given  HE  (Vig.  101)  ^  1^3  foet;  AIIE  =  1±T;  AIIB  ^  i)4^; 

BHE  =  2811;]JK1I  -  121  ;  UEA  =  SO  ;  AEII  =  41  .     It  is  required 

to  iind  the  angle  AHD,  the  length  of  III),  and   the  length  of  AD 

Aiis.  AIID=  50°5:2'L>;3";  HI)  =  22I).4(>  feet;  AD  =  101.33  feet 
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To  let  fall  a  perpendicular  to  a  line  from  a  given  point. 
Let  AB,  Fig,  102,  be  the  given  line,  and  0  the  point.  Set  up  the 
transit  at  some  point  A  of  the  given  line,  and  measure  the  angle 
BAG.  Take  the  instrument  to  0,  sight  to  A  and  turn  off  an  angle 
AOB  =  90°  -  BAG.  The  instrument  will  then  sight  in  the  direc- 
tion of  the  required  perpendicular  CB. 

To  let  fall  a  perpendicular  to  a  line  from  an  inaccessible 
point.  LetBG,  Fig.  103,  be  the  given  line  and  A  the  inaccessible 
point  from  which  it  is  desired  to  let  fall  the  perpendicular  upon 
BO.  Set  up  the  instrument,  as  at  B;  and,  after  measuring  the 


Pig.  102.  Fig.  103. 

length  of  BO,  measure  the  angle  ABO.     Take  the  instrument  to 
0,  and  measure  the  angle  ACB.     Then  in  the  triangle  ABC, 

AB  :  BO  :  :  sin  AOB  :  sin  (AOB  +  ABO); 

or, 


and, 


BD  =  AB  cos  ABO; 

tan  AOB 


BD  =  BO 


tan  "AOB  +  tan   A  HO' 


Ans. 


EXAHPLE  FOR  PRACTICE. 

Given   BO  (Fig.  103)  =  250  feet;   ABO  =  03°15f;    AOB  = 
55  40'.     Calculate  the  length  of  BD,  and  the  length  of  AD. 

'BI)=10(i.l>  feet. 
, AD  =  L>10.7  feet. 
To  let  fall  a  perpendicular  to  an  inaccessible  line  from  a 
given,  point  outside  of  the  line.  Let  AB,  Fig.  104,  be  the  inacces- 
sible line,  and  0  the  point  from  which  it  is  desired  to  let  fall  the 
perpendicular  to  AB.  Through  C  run  out  and  measure  a  line 
of  any  convenient  length,  as  CD,  and  measure  the  angles  ACB 
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DOB,  and  DO  A.  Set  np  the  instrument  at  D,  and  measure  the 
angles  ADC  and  BDC.  In  the  triangle  BDC,  we  have  given  two 
angles  and  the  included  side,  from  which  can  be  calculated  the 
length  of  the  side  CB,  In  the  triangle  ADO,  we  have  given  two 
angles  and  the  included  side,  from  which  can  be  calculated  the 
length  of  the  side  AC.  Then,  in  the  triangle  ACB,  we  have 
the  lengths  of  the  sides  AC  and  CB,  and  the  included  angle 
AOB,  from  which  can  be  calculated  the  angle  CAB.  If,  then,  the 
instrument  be  set  up  at  0,  and  an  angle  ACE  be  turned  off  equal 
to  90°  -  BAG,  the  line  of  sight 
will  point  in  the  direction  of  the 
required  perpendicular,  and  the 
length  of  the  perpendicular  will 
be  given  by  AC  cos  ACE. 

This  same  method  will  serve 
to  trace  a>  line  through  a  given 
point  parallel  to  an  inaccessi-  Fig.  104. 

l)le  line.    For  if,  with  the  instru- 
ment at  C,  an   angle   ACA'   be  turned  off  equal  to   CAB,    the 
line  A'  B'  will  be  parallel  to  AB. 

Obstacles  to  Alignment.  By  Perpendiculars:  TThen  a  tree, 
house,  or  other  obstacle  obstructing  the  line  of  sight  (see  Fig.  105) 
is  encountered,  set  up  the  transit  at  the  point  B,  turn  off  a  right 
angle,  and  measure  the  length  of  the  line  BC.  Erect  a  second 
perpendicular  CD  at  C,  and  measure  its  length.  At  D  erect  a 
third  perpendicular  DE,  making  DE  =  BC.  Then  the  fourth 
perpendicular  EF  will  be  in  the  direction  of  the  required  line. 
The  distance  from  B  to  E  will  be  given  by  CD.  If  perpendic- 
ulars cannot  be  conveniently  set  off,  let  BC  and  DE  make  any 
equal  angle  with  the  line  AB,  so  that  CD  will  be  parallel  to  it. 
lit]  an  ]\<_[n  Uateral  Trnin<jl<'.  At  B  turn  off  from  the  direc- 
tion of  AB  produced,  an  angle  of  fi()~  in  the  direction  of  BC  (see 
Fig.  100),  and  make  1>0  any  convenient  length  sufficient  to  clear 
the  obstacle.  Set  up  the  instrument  at  C  and  turn  off  an  angle  of 
00n  from  BC  to  CD  and  make  CD  of  a  length  equal  to  BC 
Finally  at  D  turn  off  a  third  angle  of  C0:  from  CD  to  DB,  and 
the  line  DE  will  be  in  the  direction  of  AB  produced.  The  dis- 
tance ED  will  equal  BC  or  CD. 


TRIANGULATION  STATION  ON  MOUNT  UNCOMPAHGRE.     ELEVATION 
14,300  FEET 

Courtesy  of  U   S   Coast  and  Geodetic  Survey,  Washington,  D    C. 
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AC,   and  the  correct  line   AB  can  be    run  out  and  measured  in 
the  proper  direction. 

JSy  Latitudes  and  Departures.  'When  a  single  line  such  as 
AC  cannot  be  run  so  as  to  come  opposite  the  given  point  B  (Fig. 
109),  a  series  of  zigzag  lines  (as  AC,  CD,  DE,  EF,  and  FB)  can 
be  run  in  any  convenient  direction,  so  as  at  last  to  arrive  at  the 
desired  point  B.  Any  one  of 
these  lines  (as,  for  instance,  AC) 
may  be  taken  as  a  meridian  to 
which  all  of  the  others  may  be 
referred,  and  their  bearings  there- 
from deduced.  Calculate  the 
total  latitudes  and  departures  of  Fig.  109. 

these  lines,  as  AX  and  BX;  then 
the  bearing  of  the  required  line  BA  with  respect  to  AC  will  be 

"RX 
given  by  Tan.  BAG  = 


lated  the  length    of    the    side    AC   and  the   angle    CAB. 


J3y  Tnancjulation.  When  obstacles  prevent  the  use  of 
either  of  the  preceding  methods,  if  a  point  C  can  be  found  from 
which  A  and  B  are  accessible  (see  Fig.  110),  measure  the  dis- 
tances CA  and  CB,  and  the  angle  ACB,  from  which  can  be  calcu- 

Now 

measure  the  angle  ACD  to  some 
point  1)  beyond  the  obstacle; 
then,  in  the  triangle  AC  I),  we 
have  two  angles  and  the  included 
side,  from  which  may  be  calcu- 
lated the  length  of  the  side  CD. 
Pleasure  the  distance  CD  in  the 
proper  direction,  set  up  the  tran- 

sit  at  D,  and  turn  off  an  angle  CDB  equal    to    the  supplement  of 
ADC,   for  the  direction  of  the  required  line. 

The  distance  from  A  to  D  may  als-o  be  calculated  from  the 
triangle  ACD,  the  stake  at  D  given  its  proper  number,  and  the 
line  continued.  If  the  distances  CA  and  C13  cannot  be  meas- 
ured, it  will  be  necessary  to  measure  a  base-line  through  (',  from 
the  extremities  of  which  the  angles  to  A  and  L>  can  be  measuied 
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The  following  problem,  as  illustrated  in  Fig.  Ill,  is  of  fre- 
quent occurrence  in  line  surveys.  The  line  AB  of  the  survey 
having  been  brought  up  to  one  side  of  a  stream,  it  is  desired  to 
continue  the  line  of  the  survey  across  the  stream  to  the  point  C, 
the  latter  point  being  visible  from  B  and  accessible.  It  is  required 
to  find  the  length  of  the  line  BC,  that  the  stake  at  0  may  be  given 
its  proper  number,  and  the  survey  continued  from  that  point. 
With  the  transit  at  B,  turn  off  the  required  angle  to  locate  the 
point  C,  and  drive  a  stake  at  that  point.  If  possible,  deflect  from 
BC  a  right  angle  to  some  point  E,  and  measure  the  length  of  BE. 
Take  the  transit  to  E,  and  measure  the  angle  BEG.  The  dis- 
tance BC  is  therefore: 

BC  =  BE  tan  BEG. 

If  it  is  not  possible  to  turn  off  a  right  angle  at  B,  then  through 
B  run  a  line  (as  BE')  in  any  convenient  direction,  and  measure 
its  length;  measure  also  the  angles  E'BC  and  BE'C.  In  the 
triangle  CBE',  there  are  then  given  two  angles  and  the  included 

side,  from  which  the  side  BC  can 
be  calculated.  Should  it  be  nec- 
essary to  take  soundings  at  cer- 
tain  intervals  (as,  say,  50  or  100 
feet  across  the  stream),  then  in 
the  triangle  BE  X  there  are  given 
the  distance  BX,  the  distance 
E'X,  and  the  angle  XBE',  from 
which  can  be  calculated  the  angle  BE'X.  With  the  transit  at  E', 
turn  off  from  BE'  the  angle  BE'X.  Now,  starting  a  boat  from 
the  shore,  direct  it  in  line  from  B  to  C  until  it  comes  upon  the 
line  of  sight  of  the  transit  from  E'  to  X.  At  that  point  take 
soundings,  and  similarly  for  the  point  X',  etc.  If  the  point  C  is 
not  visible  from  B,find  some  point,  as  E  (see  Fig.  112),  from  which 
B  and  C  are  visible,  and  measure  the  angle  BEG  and  the  distance 
EB.  Find  a  second  point,  as  F,  from  which  E  and  C  are  visible, 
and  measure  the  angles  CEF  and  EFC  and  the  distance  EF.  Then,' 
in  the  triangle  EOF,  there  are  given  two  angles  and  the  included 
side,  from  which  can  be  calculated  the  distance  EC.  In  the  tri- 
angle BCE,  then,  there  are  given  two  sides  and  the  included 


Fig.  111. 
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Fig.  112. 


angle,  and  from  these  the  third  side  BC  and  the  angle  EEC  can 
be  found.  The  stake  0  can  now  be  numbered,  and  the  bearing  of 
BO  deduced. 

EXAMPLES  FOR  PRACTICE. 

1.  In  Fig.  Ill,  given  BE'  =  210  feet;  angle  QBE'  =  110° 
15';    angle   BE'C  =  34°20';  stake  B  numbered  8  +  54.      It    is 
required  to  find  the  number  of  the  stake  C. 

2.  (a)     In  Fig.  112,  given 
EF  =  250  feet;  BE  =  128  feet; 
angle  EFO  =  46°  40';  angle  CEF 
=  103°  30';  angle  BEG  =  39°  10'. 
If  the  stake  at  B  is  numbered  12 
+   20,  it  is  required  to  find  the 
number  of  the  stake  at  C. 

(5)    If  the  bearing  of  the  line 
AB  is  S  75°E,  and  the  deflection 

angle  of  BE  from  AB  is  104°  to  the  right,  find  the  bearing  of  BC. 
To  Supply  Omissions.     Any  two  omissions  in   a  closed  sur- 
vey— whether  of  the  direction  or  of  the  length,  or  of  both,  of  one 
or    more   lines    of  the   survey — can    always   be  supplied  by  the 

application  of  the  principle  of  lati- 
tude and  departures,  although  this 
method  should  be  resorted  to  only 
in  cases  of  absolute  necessity, 
since  any  omission  renders  the 
checking  of  the  field  work  im- 
possible. In  the  following  para- 
graphs, the  methods  outlined  will 
apply  equally  whether  the  surrey 
has  been  made  with  the  transit 
or  \\  ith  the  compass. 

CASK  1.  When  tJie  length 
rtiut  bctii'iny  of  any  one  side  a/re 
wanting.  In  Fig.  113,  let  the 
dotted  line  FG  represent  the 
course  whose  length  and  bearing 
are  wanting.  Calculate  the  latitudes  and  deuartures  of  the  remain- 
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ing  courses;  and  since  in  a  closed  survey  the  algebraic  SUIT  of  the 
latitudes  and  departures  should  equal  zero,  therefore  the  difference 
of  the  latitudes  will  be  the  latitude  of  the  missing  line,  and  the 
difference  of  the  longitudes  will  be  the  required  longitude.  The 

latitude  and  longitude  of  the  line, 
form  the  sides  of  a  right  triangle, 
from  which  we  have : 

Tangentof  Bearing  = 

The  required  length  will  be  given 

Latitude 
y      ~~  Cos  Bearing" 

CASE  2.  When  the  length  of 
one  side  and  the  bearing  of  an- 
other are  wanting. 

(a)     WHEN   THE    DEFICIENT 

SIDES  ADJOIN  EACH  OTHER.      In  Fig. 

114,  let  the  bearing  of  DE,  and 


Fig.  114. 


the  length  of  FE,  be  lacking. 
Draw  DF.  From  the  preceding 
proposition  we  can  calculate  the 
bearing  and  length  of  DF,  as 
though  DEand  EF  did  not  exist. 
Then,  in  the  triangle  DFE,  we 
have  given  the  lengths  DF  and 
DE  and  the  angle  DEF,  from 
which  can  be  calculated  the  angle 
FDE  and  the  length  EF. 

(5)  WHEN  THE  DEFICIENT 
SIDES  ARK  SEPARATED  FROM  EACH 
OTHER.  In  Fig.  115  let  ABODE 
FGA  represent  a  seven-sided 
field,  in  which  the  length  of  CD, 
and  the  bearing  of  FG,  are  want- 
ing. Draw  DB',  B'A',  A'G',  of 
the  same  lengths,  and  parallel 
respectively  to  CB,  BA,  and  AG. 


Fig.  115. 
Connect  G'  with  GE  and  F. 


Then,  in  the  figure  DB'A'G'E,  there  are  given  the  lengths  and 
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bearings  of  all  of  the  courses  but  G'E.  The  length  and  bearing  of 
the  last  course  can  be  calculated  by  the  principles  of  Case  1.  Then, 
in  the  triangle  EFG',  there  are  given  the  lengths  and  bearings  of 
EF  and  EG',  from  which  can  be  calculated  the  length  and  bearing 
of  FG'.  Therefore,  in  the  triangle  GFG',  since  GG'  is  equal  in 
length  and  parallel  to  CD,  there  are  given  the  lengths  of  GF  and 
FG',  and  the  beariTigs  of  GG'  and  FG',  from  which  can  be  cal- 
culated the  length  of  GG'  and  the  bearing  of  GF. 

CASE  3.      When  the  lengths  of  two  sides  are  wanting. 

(a)  WHEN  THE  DEFICIENT  SIDES  ADJOIN  EACH  OTHER.     In  the 
seven-sided  Fig.  116,  let  the  lengths  of  DE  and  EF  be  wanting. 
Calculate  the  length  and  bearing  of  DF  by  the  principles  of  Case  1. 
Then,  in  the  triangle  EDF,  there 
are  given  the  angles  at  D  and  F, 
and  the  length  of  DF,  from  which 
can  be  calculated  the  lengths  of 
DE  and  EF. 

(J)     WHEN  THE  DEFICIENT 

SIDES    ARE    SEPARATED    FROM    EACH 

OTHER.     In  Fig.    115,   let   the 

lengths  of  CD  and  GF  be  want- 

ing.     As  before,  having  calculated 

the  length  and  bearing  of   FG', 

in  the  triangle  FGG',  the  angle  at 

G  can  be  calculated  from  the  bear- 

ings of  FG  and  GG';  the  angle  at 

G'  from  the  bearings  of  GG'and  FG';  and  the  angle  at 

bearings  of  FG  and  FG'.     There  are  given  then  the  three  angles 

of  the  triangle,  and  the  length  of  one  side,  from  which  can  be 

calculated  the  lengths  of  the  other  sides. 

CASE  4.      When  the  bearings  of  tiro  s'nlcs  arc  wanting. 

(rt)  WHEN  THE  DEFICIENT  SIDES  ADJOIN  EACH  OTHER.  In  Fig. 
116,  iind  the  length  and  bearing  of  DF  as  before.  Then,  in  the 
triangle  DEF,  there  are  given  the  lengths  of  the  three  sides,  from 
which  can  be  calculated  the  required  angles. 

(£)  WHEN  THE  DEFICIENT  SIDES  ARE  SEPARATED  FROM  EACH 
OTHER.  In  Fig.  115,  let  the  bearings  of  CD  and  GF  be  wanting. 

Halo-nlai-ck   th»  l^nrrfVi    Qn^    hoorinrr  f\i  TYr'  flq    hftfnrp          Thpn       in     thft 


Fig.  nr>. 


from  the 
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triangle  FGG',  there  are  three  sides  known,  from  which  can  be  cal- 
culated the  three  angles,  and  therefore  the  bearings  can  be  deduced. 

UNITED  STATES  PUBLIC  LAND  SURVEYS. 

The  first  surveys  of  the  public  lands  of  the  United  States  were 
carried  out  in  Ohio,  under  an  act  of  Congress  approved  May  20th, 
1785.  This  act  provided  for  townships  6  miles  square,  containing 
36  sections  of  1  mile  square.  The  townships  6  miles  square,  were 
laid  out  in  ranges,  extending  northward  from  the  Ohio  River,  the 
townships  being  numbered  from  south  to  north,  and  the  ranges 
from  east  to  west.  The  territory  embraced  in  these  early  surveys 
forms  a  part  of  the  present  state  of  Ohio  and  is  known  as  "  The 
Seven  Ranges."  The  sections  were  numbered  from  1  to  36  com- 
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Fig.  118. 


mencing  with  No.  1  in  the  southeast  corner  of  the  township,  and 
running  from  south  to  north  in  each  tier,  to  No.  3G  in  the  north- 
west corner  of  the  townships  as  shown  in  Fig.  117. 

A  subsequent  act  of  Congress,  approved  May  ISth,  1796,  pro- 
vided for  the  appointment  of  a  surveyor  general,  and  directed  tho 
survey  of  the  lands  northwest  of  the  Ohio  River,  and  above  tho 
mouth  of  the  Kentucky  River.  This  act  provided  that  u  the  sec- 
tions shall  be  numbered  respectively,  beginning  with  the  number 
one  in  the  northeast  section,  and  proceeding  west  and  east  alter- 
nately, through  the  township,  with  progressive  numbers  till  the 
thirty-sixth  be  completed."  This  method  is  shown  in  Fig.  118 
and  is  still  in  use. 

An  act  of  Congress,  approved  Feb.  llth  1805,  directs  the  sub- 
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all  the  corners  marked  in  the  public  surveys  shall  be  established 
as  the  proper  corners  of  sections,  or  subdivisions  of  sections,  which 
they  were  intended  to  designate,  and  that  corners  of  half  and 
quarter  sections  not  marked  shall  be  placed,  as  nearly  as  possible, 
"  equidistant  from  those  two  corners  which  stand  on  the  same  line." 
This  act  further  provides  that  "  the  boundary  lines  actually  run 
and  marked  *  *  *  shall  be  established  as  the  proper  bound- 
ary lines  of  the  sections  or  subdivisions  for  which  they  were 
intended;  and  the  length  of  such  lines  as  returned  by  *  *  * 
the  surveyors  *  *  *  shall  be  held  and  considered  as  the 
true  length  thereof  " . .  .  . 

An  act  of  Congress,  approved  April  24th,  1820,  provides  for 
the  sale  of  public  lands  in  half-quarter  sections,  and  requires  that 
"  in  every  case  of  the  division  of  a  quarter  section  the  line  for  the 
division  thereof  shall  run  north  and  south.  An  act  of  Congress, 
approved  April  5th,  1832,  directed  the  subdivision  of  the  public 
lands  into  quarter -quarter-sections  and  that  in  every  case  of  the 
division  of  a  half -quarter  section,  the  dividing  line  should  run 
east  and  west;  and  that  fractional  sections  should  be  subdivided 
under  rules  and  regulations  prescribed  by  the  Secretary  of  the 
Treasury. 

By  an  act  of  Congress,  approved  March  3rd,  1849,  the  Depart- 
ment of  the  Interior  was  created,  and  the  act  provided  "That the 
Secretary  of  the  Interior  shall  perform  all  the  duties  in  relation  to 
the  General  Land  Office,  of  supervision  and  appeal  now  discharged 
by  the  Secretary  of  the  Treasury.  *  *  *  "  By  this  act  the 
General  Land  Office  was  transferred  to  the  Department  of  the 
Interior  where  it  still  remains. 

The  division  of  the  public  lands  is  effected  by  means  of  merid- 
ian lines  and  parallels  of  latitudes  established  six  miles  apart. 
The  squares  thus  formed  are  called  Townships,  and  contain  36 
square  miles,  or  23,040  acres  '*  as  nearly  as  may  be.  "  All  of  the 
townships  situated  north  or  south  of  each  other,  form  a  Range  and 
are  named  by  their  number  east  or  west  of  the  principal  meridian. 
Thus,  the  first  range  west  of  the  meridian  would  be  designated  as 
Range  1  West  (R  1.  W.).  Each  tier  of  townships  is  named  by 
its  number  north  or  south  of  the  base  line,  as  Township  2  North 
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Existing  laws  further  require  that  each  township  shall  be 
divided  into  thirty-six  sections,  by  two  sets  of  parallel  lines,  one 
governed  by  true  meridians  and  the  other  by  parallels  of  latitude, 
the  latter  intersecting  the  former  at  right  angles,  at  intervals  of 
one  mile ;  and  each  of  these  sections  must  contain,  as  nearly  as 
possible,  six  hundred  and  forty  acres.  These  requirements  are 
evidently  inconsistent  because  of  the  convergency  of  the  meridians, 
and  the  discrepancies  will  be  greater  as  the  latitude  increases. 

In  view  of  these  facts,  it  was  provided  in  section  3  of  the  act 
of  Congress  approved  May  10th,  1800,  that  "  in  all  cases  where  the 
exterior  lines  of  the  townships,  thus  to  be  subdivided  into  sections 
and  half-sections,  shall  exceed,  or  shall  not  extend  six  miles,  the 
excess  or  deficiency  shall  be  specially  noted,  and  added  to  or 
deducted  from  the  western  or  northern  ranges  of  sections  or  half- 
sections  in  such  township,  according  as  the  error  may  be  in  running 
lines  from  east  to  west,  or  from  south  to  north  ;  the  sections  and 
half-sections  bounded  on  the  northern  and  western  lines  of  such 
townships  shall  be  sold  as  containing  only  the  quantity  expressed 
in  the  returns  and  plots,  respectively,  and  all  others  as  containing 
the  complete  legal  quantity." 

To  harmonize  these  various  requirements  as  fully  as  possible, 
the  following  methods  have  been  adopted  by  the  general  land  office. 
Initial  points  are  first  establis  hed  astronomically  under  special 
instructions,  and  from  this  initial  point  a  "  principal  meridian  "  is 
laid  out  north  and  south.  Through  this  initial  point  a  "base 
line"  is  laid  out  as  a  parallel  of  latitude  running  east  and  west. 
On  the  principal  meridian  and  base  lines,  the  half-mile,  mile  and 
six-mile  corners  are  permanently  located,  and  in  addition,  the 
meander  corners  at  the  intersection  of  the  line  with  all  streams, 
lakes  or  bayous  prescribed  to  be  meandered.  These  lines  may  be 
run  with  solar  instruments,  but  their  correctness  should  be  checked 
by  observations  with  the  transit  upon  Polaris  at  elongation. 

Standard  parallels,  also  called  correction  lines,  are  ran  east 
and  west  from  the  principal  meridian  at  intervals  of  twenty. four 
miles  north  and  south  of  the  base  line,  and  the  law  provides  that 
u  where  standard  parallels  have  been  placed  at  intervals  of  thirty 
or  thirty-six  miles,  regardless  of  existing  instructions,  and  where 
erross  irregularities  renuire  additional  HtanHard  linpn  frnm  wTnnli  tn 
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initiate  new,  or  upon  which  to  close  old  surveys,  an  intermediate 
correction  line  should  be  established  to  which  a  local  name  may  be 
given:  and  the  same  will  be  run,  in  all  respects,  like  the  regular 
standard  parallels." 

Guide  meridians  are  extended  north  from  the  base  line,  or 
standard  parallels,  at  intervals  of  twenty- four  miles  east  and  west 
of  the  principal  meridian. 

When  conditions  are  such  as  to  require  the  guide  meridians 
to  run  south  from  a  standard  parallel  or  a  correction  line,  they  are 
initiated  at  properly  established  closing  corners  of  the  given  paral- 
lel. That  is  to  say,  they  are  begun  from  the  point  on  the  parallel 
at  which  they  would  have  met  it  if  they  had  been  run  north  from 
the  next  southern  parallel.  This  point  is  obtained  from  computa- 
tion, and  is  less  than  twenty-four  miles  from  the  next  eastern  or 
western  meridian  by  the  convergence  of  the  meridians  in  twenty- 
four  miles. 

In  case  guide  meridians  have  been  improperly  located  too  far 
apart,  auxiliary  meridians  may  be  run  from  standard  corners,  and 
these  may  be  designated  by  a  local  name. 

The  angular  convergence  of  two  meridians  is  given  by  the 
equation 

<£  =  m  sin  L  (1) 

where  nt  is  the  angular  difference  in  longitude  of  the  meridians, 
and  L  is  the  mean  latitude  of  the  north  and  south  length  under 
consideration. 

The  linear  convergence  in  a  given   le north  I  is 

r  —  /  sin  <f>  (2) 

The  radius  of  a  parallel  at  any  latitude  L  is  given  by  the 
equation 

r  =  RcosL  (8) 

where  R  is  the  mean  radius  of  curvature  of  the  earth. 

The  distance  between  meridians  is  usually  given  in  miles  and 
this  must  be  reduced  to  degrees.  To  do  this  it  is  first  necessary  to 
find  the  linear  value  of  one  degree  of  longitude  at  the  mean  latitude 
from  the  proportion. 

V  :  360°  :  :  x  :  2irr  (4) 
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Equation  (4)  will  give  results  sufficiently  accurate,  although 
in  strict  accuracy  E  should  be  the  radius  of  curvature  at  the  mean 
latitude. 

For  full  details  of  public-land  surveying,  see  "Manual  of 
Surveying  Instructions  for  the  Survey  of  the  Public  Lands  of  the 
United  States/'  issued  by  the  Commissioner  of  the  General 
Land  Office.  These  "  Instructions  "  are  prepared  for  the  direction 
of  those  engaged  on  the  public  land  surveys,  and  new  editions  are 
issued  from  time  to  time. 

Much  of  the  foregoing  in  very  condensed  form  is  taken  from 
the  edition  of  1894. 

The  following  table  gives  the  convergency  both  in  angular 
units  and  linear  units  for  township  6  miles  square,  between  lati- 
tudes 30°  and  70°  north. 

Let  it  be  required  to  find  from  the  table  the  linear  converg- 
ence for  a  township  situated  in  latitude  38°  29'  north. 

Looking  in  the  table  opposite  39°  we  find  the  linear  con. 
vergence. 

For  39°  =  58.8  links 

For  38°  =  56.8  links 

Difference  for  1°  =  2.0  links 
Difference  for  V  =  2.0  -s-  60  =  .0333  links 
Difference  for  29'=  .0333  X  29  =  .97  links 

Therefore  total  convergence  for  latitude  38°  29'  =  56.8  •+ 
0.97  links  =  57.77  links. 
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BASE  JlEASUREriENT. 

It  is  not  intended  in  what  follows  to  go  into  the  details  of  the 
measurement  of  a  base  for  an  extended  system  of  triangulation,  as 
that  properly  belongs  to  Geodetic  Surveying.  Some  description 
of  base  measuring  apparatus  will  be  given,  with  illustrations  of 
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various  devices,  and  special  attention  will  be  given  to  the  use  of 
the  tape  in  the  accurate  measurement  of  lines  such  as  occur  in  usual 
field  operations  of  Plane  Surveying. 

Much  of  what  follows  is  from  the  excellent  treatise  on  Topo- 
graphic Surveying  by  Herbert  M.  Wilson. 

A  trigonometric  survey  is  usually  carried  over  a  country  where 
the  direct  measurement  of  distances  is  impracticable,  and  since  the 
calculations  of  these  distances  proceeds  from  the  direct  measure- 
ment of  the  base-line,  this  base  line  should  be  so  located  as  to 
permit  of  its  length  being  determined  with  any  degree  of  accuracy 
consistent  with  the  nature  of  the  work  involved. 

To  attain  the  desired  results,  the  site  should  be  reasonably 
level  and  afford  room  for  a  base  of  proper  length  so  that  its  ends 
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primary  triangulation  giving  the  best-conditioned  figures  possible. 
Other  things  being  equal,  that  site  is  best  that  includes  solid 
ground;  both  for  permanency  of  monuments  and  facility  and 
accuracy  of  measurement. 

Base  Apparatus.  In  early  days,  base-lines  were  measured  by 
means  of  wooden  rods,  varnished  and  tipped  with  metal.  The  rods  ^ 
were  supported  in  trestles,  the  contacts  between  the  ends  being 
made  with  great  care.  Later,  compensated  rods  were  employed,  as 
for  instance  the  Contact-Slide  Apparatus  of  the  U.  S.  Coast  Survey 
and  the  Eepsold  primary  base  bars  of  the  II.  S.  Lake  Survey,  see 
Fig.  119,  resulting  in  greater  accuracy  in  the  measurement  of  base 
lines.  The  use  of  the  iced  lar  (see  Fig.  120)  by  the  U.  S.  Coast 
Survey,  represents  the  highest  development  of  base-measuring 
apparatus. 

JL 
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Fig.    119. 

Within  recent  years  the  steel  tape,  has  become  popular  as  the 

accuracy  attainable  with  its  use  has  become  more  fully  appreciated. 

Errors  in  Base  fleasurement.      The  following  are  the  chief 

sources  of  error  \\\  base  measurement: 

1.  Changes  of  temperature  ; 

2.  Difficulties  of  making  contact ; 

3.  Variations  of  the  bars  or  tape  from  the  standards. 

The  refinements  of  measurement  consist  especially  in  — 

a.  Standardizing  the  measuring  apparatus,  or  its  comparison  with  a 
standard  of  lengtn. 

b.  Determination  of  temperature,  or  its  neutralization  by  the  use  of 
compensating  bars. 

c.  Means  adopted  for  reducing  the  number  of  contacts  to  the  fewest 
possible,  and  of  making  these  with  the  greatest  degree  of  precision. 
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The  inherent  difficulties  of  measurement  with  lars  of  any 
kind  are  : 

1.  Necessity  of  measuring  short  bases  because  of  the  number  of  times 
which  the  bar  must  be  moved. 

2.  Expense,  as  a  considerable  number  of  men  are  required. 

3.  Slowness,  the  measurement  often  occupying  from  a  month  to  six 
weeks. 

The  advantages  of  measurement  made  with  a  steel  tape  are  : 

1.  Great  reduction  in  the  number  of  contacts,  as  the  tapes  are  about 
three  hundred  feet  long  as  compared  with  bars  of  about  twelve  feet. 

2.  Comparatively  small  cost  because  of  the  few  persons  required. 

3.  Shortness  of  the  time  employed,  an  hour  to  a  mile  being  an  ordinary 
record  in  actual  measurement 

4.  Errors  in  trigonometric  expansion  may  be  reduced  by  increasing  the 
length  of  the  base  from  5  miles,  the  average  length  of  a  bar-measured  base, 
to  8  miles,  not  an  uncommon  length  for  tape-measured  bases. 


Pig.  120. 

Steel  tapes  offer  a  means  of  measuring  base  lines  which  is 
superior  to  that  obtained  by  measuring  bars,  because  they  combine 
the  advantages  of  great  length  and  simplicity  of  manipulation, 
\\ith  the  precision  of  the  shorter  laboratory  standards,  providing 
only  that  means  be  perfected  for  eliminating  the  errors  of  tem- 
perature and  of  sag  in  the  tape.  Base  lines  can  be  so  conveniently 
and  rapidly  measured  with  long  steel  tapes  as  to  permit  of  their 
being  made  of  greater  length  than  has  been  the  practice  with  lines 
measured  by  bars,  and  as  a  result,  still  greater  errors  may  be 
introduced  in  tane-measured  bases  and  vet  not  affect  the  ultimate 
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expansion  any  more  than  will  the  errors  in  the  latter,  because  of 
the  greater  length  of  the  base. 

The  tapes  used  for  this  work  are  of  steel,  either  300  feet  or 
100  meters  in  length.  The  tapes  used  by  the  Coast  Survey  are 
101.01  meters  in  length,  6.34  millimeters  by  0.47  millimeters  in 
cross-section,  and  weigh  22.3  grams  per  meter  of  length. .  They  are 

subdivided  into  20  meter  spaces 
by  graduations  ruled  on  the  sur- 
face of  the  tape,  and  their  ends 
terminate  in  loops  obtained 
either  by  turning  back  and  an- 
nealing the  tape  on  itself,  or  by 
fastening  them  into  brass  hand- 
les. When  not  in  use,  the  tapes 
are  rolled  on  reels  for  easy  trans- 
portation. 

The  steel  tapes  used  by  the 
Geological  Survey  are  similar  to 
those  used  by  the  Coast  Survey, 
excepting  in  their  length,  which 
is  a  little  over  800  feet.  They 
are  graduated  for  300  feet  and 
are  subdivided  every  10  feet,  the 
last  5  feet  of  which  at  either  end 
is  subdivided  to  feet  and  tenths. 
The  various  instrument-makers  now  carry  such  tapes  in  stock, 
wound  on  hand-reels.  All  tapes  must  be  standardized  before  and 
after  use,  by  comparison  with  laboratory  standards,  and,  if  possible, 
thereafter  frequently  in  the  field  by  means  of  an  iced-bar  apparatus. 
In  measuring  with  steel  tapes,  a  uniform  tension  must  be 
applied.  In  order  to  get  a  uniform  tension  of  20  to  25  pounds, 
some  form  of  stretcher  should  be  used.  That  used  by  the  U.S. 
("oast  Survey  consists  of  a  base  of  brass  or  wood,  2  or  3  feet 
in  length  by  a  foot  in  width,  upon  which  is  an  upright  metallic 
standard,  and  to  this  is  attached  by  a  universal  joint,  an  ordinary 
spring-balance,  to  which  the  handle  of  the  tape  is  fastened.  See 
Fig.  121.  The  upright  standard  is  hinged  at  its  junction  with 
the  base,  so  that  when  the  tape  is  being  stretched,  the  tapemair 


Fig.  121. 


PLANE    SURVEYING 


169 


59 
"I 


o 
'.£ 
cd 
> 

<D 

a 


1 


I 


I 

bo 

c 


bb 

E 


170  PLANE    SURVEYING 

can  put  the  proper  tension  on  it  by  taking  hold  of  the  upper  end 
of  the  upright  standard  and  using  it  as  a  lever,  and  by  pulling  it 
back  toward  himself  he  is  enabled  to  use  a  delicate  leverage  on  the 
balance  and  attain  the  proper  pull. 

The  thermometers  used  are  ordinary  glass  thermometers, 
around  the  bubbles  of  which  should  be  coiled  thin  annealed  steel 
wire,  so  that  by  passing  them  in  the  air  adjacent  to  the  tape,  a 
texnperature  corresponding  to  that  of  the  tape  can  be  obtained. 
Experience  with  such  thermometers  shows  that  they  closely  fol- 
low the  temperature  of  the  steel  tape.  For 
the  best  results,  two  thermometers  should 
be  used,  each  at  about  one-fourth  of  the 
distance  from  the  extremities  of  the  tape. 
The  stretching  device  used  by  the  U.S. 
Geological  Survey  is  much  simpler  and 
more  quickly  manipulated  than  that  of  the 
Coast  Survey.  The  chief  object  to  be  at- 
tained in  tension  is  steadiness  and  uni- 


Fig.  123.  formity  of  tension;   the    simplest  device 

which  will  attain  this  end  is  naturally  the 

best.  Two  general  forma  of  such  devices  are  employed  by  the  U.  S. 
Geological  Survey,  one  for  the  measurement  of  base  lines  along 
railways,  where  the  surface  of  the  ties  or  the  roadbed  furnishes 
support  for  the  tape,  and  the  device  must  therefore  be  of  such 
kind  as  to  permit  of  the  ends  being  brought  close  to  the  surface; 
the  other  is  employed  in  measurements  made  over  rough  ground, 
where  the  tape  may  frequently  be  raised  to  considerable  heights 
above  the  surface  and  be  supported  upon  pegs. 

The  stretcher  used  by  the  Geological  Survey  for  measuring 
on  railways  is  illustrated  in  Fig.  122,  and  was  devised  by  Mr.  II 
L,  Baldwin.  It  consists  of  an  ordinary  spring-balance  attached  to 
the  forward  end  of  the  tape,  where  a  tension  of  twenty  pounds  is 
applied,  the  rear  end  of  the  tape  being  caught  over  a  hook  which 
is  held  steadily  by  a  long  screw  with  a  wing-nut,  by  which  the 
zero  of  the  tape  may  be  exactly  adjusted  over  the  mark  scratched 
on  the  zinc  plate.  The  spring-balance  is  held  by  a  wire  running 
over  a  wheel,  which  latter  is  worked  by  a  lever  and  held  by 
ratchets  in  any  desired  position,  so  that  by  turning  the  wheel,  a 
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uniform  strain  is  placed  on  the  spring-balance,  which  is  held  at 
the  desired  tension  by  the  ratchets. 

The  tape- stretcher  used  by  the  Uo  S.  Geological  Survey  off 
railways  consists  of  a  board  about  5  feet  long,  to  the  forward  end 
of  which  is  attached  by  a  strong  hinge,  a  wooden  lever  about  5 
feet  in  length,  through  the  larger  portion  of  the  length  of  which 
is  a  slot.  See  Fig.  123.  Through  the  slot  is  a  bolt  with  wing- 
nut,  which  can  be  raised  or  lowered  to  an  elevation  corresponding 
with  the  top  of  the  hub  over  which  measurement  is  being  made; 
hung  from  the  bolt  is  the  spring- balance,  to  which  the  forward 
tapeman  gives  the  proper  tension  by  a  direct  pull  on  the  lever, 
the  weight  of  the  lever  and  the  friction  in  the  hinge  being  such  as 
to  make  it  possible  to  bring  about  a  uniform  tension  without  dif- 
ficulty. The  zero  on  the  rear  end  of  the  tape  is  adjusted  over  the 
contact  mark  on  the  zinc  by  means  of  a  similar  lever  with  hook- 
bolt  and  wing-nut,  but  without  the  use  of  spring-balance. 

LAYING  OUT  THE  BASE.  The  most  laborious  operation  in  base 
measurement  is  its  preliminary  preparation,  which  consists  of: 

1.  Aligning  with  transit  or  theodolite; 

2.  Careful  preliminary  measurement  for  the  placing  of  stakes  on   rough 

ground; 

3.  Placing  of  zinc  marking-strips  on  the  stakes. 

Base  lines  measured  with  steel  tapes  across  country  are  aligned 
with  transit  or  theodolite,  and  are  laid  out  by  driving  large  hubs 
of  3  X  0  scantling  into  the  ground,  the  tops  of  the  same  project- 
ing to  such  a  height  as  will  permit  a  tape-length  to  swing  free  of 
obstructions.  These  large  hubs  are  placed  by  careful  preliminary 
measurement  at  exact  tape-lengths  apart,  and  between  them  as  sup- 
ports, long  stakes  are  driven  at  least  every  50  feet.  Into  the  sides 
of  these  near  their  tops  are  driven  horizontally,  long  nails,  which 
are  placed  at  the  same  level  by  eye,  by  sighting  from  one  terminal 
hub  to  the  next.  The  tape  rests  on  these  nails  and  on  the  surface 
of  the  terminal  hubs  are  tacked  strips  of  zinc  on  which  to  make  the 
contact  marks.  A  careful  line  of  spirit-levels  must  be  run  over 
the  base-lines,  and  the  elevation  of  the  hub  or  contact-mark  of  each 
tape-length  must  be  determined  in  order  to  furnish  data  for 
reduction  to  the  horizontal. 

In  measuring  over  rough  ground,  six  men  are  necessary:  two 
tape- stretchers,  two  markers,  two  observers  of  thermometers,  one 
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of  whom  will  record.  The  co-operation  of  these  men  is  obtained 
by  a  code  of  signals,  the  first  of  which  calls  for  the  application  of 
the  tension;  then  the  two  tape-stretchers  by  signal  announce  when 
the  proper  tension  has  been  applied;  then  the  rear  observer  adjusts 
the  rear  graduation  over  the  determining  mark  on  the  zinc  plate 
and  gives  a  signal,  upon  hearing  which,  the  thermometer  recorder 
near  the  middle  of  the  tape  lifts  it  a  little  and  lets  it  fall  on  its 
supports,  thus  straightening  the  tape.  Immediately  thereafter  the 
front  observer  marks  the  position  of  the  tape  graduation  on  the 
zinc  plate,  and  at  the  same  time  the  thermometers  are  read  and 
recorded. 

After  the  measurement  of  the  base  line  has  been  completed  in 
the  field,  the  results  of  the  measurement  have  to  be  reduced  for 
various  corrections,  among  which  are: 

Comparison  with  standard  measure; 

Corrections  for  inclination  and  sag  of  tape  if  such  is  used; 

Correction  for  temperature. 

The  first  correction  to  be  applied  is  that  of  reducing  the  tape- 
line  to  the  standard,  "standardizing"  the  tape  as  it  is  called.  By 
sending  the  tape  to  the  National  Bureau  of  Standards  at  Washing- 
ton, D.  C.,  a  statement  may  be  had  of  the  length  of  the  tape  com- 
pared with  the  standard.  For  this  service  a  small  fee  is  charged. 
For  an  additional  fee  a  statement  may  be  had  of  the  temperature 
and  pull  at  the  ends  for  which  the  tape  is  a  standard. 

As  the  length  of  a  steel  tape  varies  with  the  temperature,  one 
of  the  most  uncertain  elements  in  the  measurement  of  a  base  with 
the  steel  tape,  is  the  change  in  the  length  of  the  standard  due  to 
changes  of  temperature.  Corrections,  therefore,  must  bo  made  for 
every  tape-length  as  derived  from  readings  of  one  or  more  ther- 
mometers applied  to  the  tape  in  the  course  of  measurement. 

Steel  expands  .0000063500  of  its  length  for  each  degree 
Fahrenheit.  This  decimal  multiplied  by  the  average  number  of 
degrees  of  temperature  above  or  below  02  degrees  at  the  time  of 
the  measurement,  gives  the  proportion  by  which  the  base  is  to  be 
diminished  or  extended  on  account  of  temperature  changes.  This 
correction  is  applied  usually  by  obtaining  with  great  care,  the 
mean  of  all  thermometer  readings  taken  at  uniform  intervals  of 
distance  during  the  measurement. 
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The  data  for  the  correction  for  inclination  of  base  are  obtained 
by  a  careful  line  of  spirit-levels  over  the  base-line.  In  the  course 
of  this  leveling,  elevations  are  obtained  for  every  plug  upon  which 
the  tape  rests.  The  result  of  this  leveling  is  to  give  a  profile 
showing  rise  or  fall  in  feet  or  fractions  thereof  between  the  points 
of  change  in  inclination  of  the  tape-line.  From  this  and  measured 
distances  between  these  points,  the  angle  of  inclination  is  com- 
puted by  the  formula 

h 

Sin    0    =  -  jy- 

In  which  D  is  the  length  of  the  tape  or  measured  base  : 
and  h  is  the  difference  in  height  of  the  ends  of  tape  or 
measured  base,  expressed  in  feet. 
0  is  the  angle  of  slope  expressed  in  minutes. 
The  correction  in   feet  to  the  distance  is  that  computed  by  the 
equation 

Correction  =  D  —  :  -  0* 
& 

An  approximate  formula  for  reducing  distances  measured 
upon  sloping  ground  to  the  horizontal  is  expressed  by  the  rule  : 
Divide  the  square  of  the  difference  of  level  by  twice  the  measured 
distance,  subtract  the  quotient  thus  found  from  the  measured 
distance,  and  the  remainder  equals  the  distance  required  ;  thus 


in  which  <1  equals  the  horizontal  or  reduced  distance. 

When  the  base  measurement  is  made  with  steel  tape  across 
country,  and  accordingly  is  not  supported  in  every  part  of  its 
length,  there  will  occur  some  change  in  its  length,  due  to  sag.  As 
previously  explained,  the  tape  should  be  rested  upon  supports  not 
less  than  50  feet  apart.  With  supports  placed  even  this  short  dis- 
tance apart,  however,  a  change  of  length  will  occur  between  them, 
while  even  greater  changes  will  occur  should  one  or  more  supports 
be  omitted  as  in  crossing  a  road,  ravine,  etc.  Since  tapes  are 
standardized  by  laying  them  upon  a  flat  standard,  it  is  necessary 
to  determine  the  amount  of  shortening  from  the  above  causes, 
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The  following  reduction  formulae  apply  : 

Let  w  =  weight  per  unit  of  length  of  tape  : 
t  =  tension  applied 

w 


a  = 


t 
7i  =  number  'of  sections  into  which  tape  is  divided  by 

supports. 

I  =  length  of  any  section 

L  =  normal  length  of  tape  or  right-line  distance  be- 
tween n  marks  when  under  tension  :  =  nl  ap- 
proximately. 

If  a  tape  be  divided  by  equidistant  supports,  the  difference  in 
distance  between  the  end  graduations,  due  to  sag,  or  the  correction 
for  sag  =  dL  becomes 


If  one  or  more  supports  are  omitted,  then  the  omission   of  m 
consecutive  supports  shortens  the  tape  by 

A_  m  (m  +  1)  (m  +  2)  a?P\ 

when  I  is  the  length  of  the  section  when  no  supports  are  omitted. 
Example.     Let  n  —  0  ;  I  =  50  feet  ;  w  ~  .0145  =  weight 
in  pounds  per  foot  found   by  dividing  whole  weight  of  tape  by 
whole  length  ;  t  =  20  pounds. 


which  is  the  amount  of  shortening  of  each  tape-length.     This  cor- 
rection is  ahva\  s  negative. 

If  there  had  been  cSt>  full  tape-lengths  ri  measured  base-line, 
the  total  corrections  for  sag  would  be  8b'X. 0104=  1.413  feet. 

THE  PLANE-TABLE. 

Construction.  The  plane-table  consists  essentially  of  a  draw- 
ing-board mounted  upon  a  tripod.  This  board  is  usually  twenty- 
four  by  thirty  inches,  constructed  in  sections  to  prevent  warping; 
it  is  attached  to  the  tripod  by  a  three-screw  leveling  base  arranged 
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to  permit  the  board  to  be  turned  in  azimuth  and  to  be  clamped  in 
any  position. 

The  instrument  is  designed  to  at  once  sketch  in  the  field,  to 
scale,  the  lengths  and  relative  directions  of  all  lines  and  the  posi- 
tions of  objects  to  be  included  in  the  survey.  For  drawing 
straight  lines,  a  steel  ruler  is  provided  upon  which  is  mounted  at 
each  end,  a  pair  of  open  sights  like  those  of  the  compass,  or,  a  tele- 
scope is  mounted  at  the  center  of  the  ruler,  fitted  with  stadia 
wires,  a  vertical  arc  and  a  longitudinal  striding  level.  The  eye- 
piece should  be  inverting,  and  whether  the  open  sights  or  the  tele- 
scope is  used,  the  line  of  sight  should  always  be  parallel  to  the 
edge  of  the  ruler.  The  straight  edge  with  the  attached  telescope 
or  open  sights  is  called  the  alidade. 

For  leveling  the  instrument,  two  cylindrical  levels,  at  right 
angles  to  each  other,  are  mounted  upon  the  alidade  and  either  an 
attached  or  detached  compass  is  provided  for  determining  the  bear- 
ing of  lines. 

For  attaching  the  paper  to  the  board,  various  devices  are 
used.  One  consists  of  a  roller  at  each  end  of  the  table  upon  one 
of  which  the  paper  is  wound  up  as  it  is  unrolled  from  the  other, 
the  edges  of  the  paper  being  held  close  to  the  board  by  spring 
clips.  This  arrangement  permits  the  paper  to  be  used  in  a  con- 
tinuous roll  and  to  be  tightly  stretched  over  the  board.  The  use 
of  the  continuous  roll  of  paper  is  undesirable,  however,  and 
separate  sheets  of  proper  size  should  be  used,  attached  to  the  board 
and  held  firmly  in  place  by  the  spring  clips  provided  \\ith  the 
instrument.  The  use  of  thumb-tacks  should  be  avoided. 

Under  the  most  favorable  conditions,  the  plane- table  is  a  very 
awkward  instrument  and  difficult  to  handle,  but  it  is  admirably 
adapted  to  filling  in  the  details  of  a  topographical  survey.  For  this 
purpose  it  is  the  standard  instrument  of  the  United  States  Geo- 
detic Survey  and  is  also  largely  used  by  the  United  States  Geolog. 
ical  Survey.  It  cannot  be  used  on  damp  or  very  \\  indy  days  and  is 
not  therefore,  of  as  general  utility  as  the  transit  and  stadia. 

Fig.  124  shows  one  form  of  construction  of  the  plane  table 
with  leveling  screws  and  Fig.  124' /  shows  a  plane  table  with  a  much 
simpler  form  of  leveling  head.  This  latter  was  designed  by  Mr. 

YV       T)      JT/Wrnarvn    onrl     noo    rvir»£»i  vtirl    tV»ci   o-r\-r\T«/^T7Q  1    /-\-f     fV»<^    4-^^/nk^.y.«-^,lt ,,  vn 
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of  the  United  States  Geological  Survey.  The  whole  arrangement 
is  very  light,  but  does  not  permit  of  as  close  leveling  as  does  the 
usual  form  with  leveling  screws. 

Adjustments. 

1st,     To  determine  whether  the  edge  of  the  ruler  is  straight. 


Fig.  124. 


Place  the  ruler  upon  a  smooth  surface,  and  draw  a  line  along  its 
edge,  and  also  lines  at  its  ends.  Reverse  the  ruler  on  these  lines, 
and  draw  another  line  along  its  edge.  If  these  two  lines  coincide, 
the  ruler  is  straight. 
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2nd.  To  make  the  plane  of  the  table  horizontal  when  the 
bubbles  are  in  the  center  of  the  tubes.  Assuming  the  table  to  be 
plane,  set  the  alidade  in  the  middle  of  the  table,  level  by  means  of 
the  leveling  screws,  draw  lines  along  the  edge  and  ends  of  the 
ruler,  and  reverse  the  alidade  on  these  lines.  If  the  bubbles 
remain  in  the  center  of  the  tubes,  they  are  in  adjustment.  If  they 


Fig.  124«. 

do  not,  correct  one-half  of  the  error  by  means  of  the  leveling 
screws  and  the  remainder  by  means  of  the  capstan-headed  screws 
of  the  level  tubes.  Repeat  the  operation  until  the  bubbles  remain 
in  the  center  of  the  tubes  in  both  positions  of  the  alidade. 

3rd.      To  inake  the  line  of  collimation  perpendicular  to  the 
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Level  the  table  and  point  the  telescope  towards  some  small 
and  well-defined  object.  Eemove  the  screws  which  confine  the 
axis  of  the  telescope  in  its  bearings,  reverse  the  telescope  in  its 
bearings,  that  is,  change  the  axis  end  for  end,  being  careful  not  to 
disturb  the  position  of  the  alidade  upon  the  table,  and  again  sight 
upon  the  same  object.  If  the  intersection  of  the  cross  hairs  bisects 
the  object,  the  adjustment  is  complete.  If  not,  correct  one-half 
of  the  error  by  means  of  the  horizontal  screws  attached  to  the 
reticle.  Sight  on  the  object  again  and  repeat  the  operation  until 
the  line  of  collimation  will  bisect  the  object  in  both  positions  of 
the  telescope. 

4th.  To  make  the  line  of  collimation  parallel  to  the  axis  of 
the  "bubble  tube. 

Attach  the  longitudinal  striding  level  to  the  telescope  and 
carry  out  the  adjustment  by  the  "peg"  method  as  described  for 
the  transit. 

5th.  To  make  the  horizontal  axis  of  the  telescope  parallel  to 
the  plane  of  the  table. 

Level  the  table  and  point  the  telescope  to  a  well-defined  mark 
at  the  top  of  some  tall  object,  as  near  as  possible  consistent  with 
distinct  vision.  Turn  the  telescope  on  its  horizontal  axisj  and 
point  to  a  small  mark  at  the  base  of  the  same  object.  Draw 
lines  on  the  table  at  the  edge  and  ends  of  the  ruler.  Reverse 
on  these  lines,  point  the  telescope  to  the  lower  object  and  turn  the 
telescope  upon  its  horizontal  axis.  If  the  line  of  collimation  again 
covers  the  higher  point,  the  adjustment  is  complete.  If  it  does 
not,  correct  one-half  of  the  error  by  means  of  the  sciews  at  one 
end  of  the  horizontal  axis. 

Gth  To  make  the  vertical  arc  or  circle  read  zero  when  the 
It  lie  of  L-nUiinatton  is  horizontal. 

Level  the  table  and  measure  the  angle  of  elevation  or  depres- 
sion of  some  object.  Remove  the  table  to  the  object,  level  as 
before,  and  measure  the  angle  of  depression  or  elevation  of  the 
first  point  Half  the  difference,  if  any,  of  the  readings  is  the 
error  of  the  adjustment.  Correct  this  by  means  of  the  screws 
attached  to  the  vernier  plate,  and  repeat  the  operation  until  the 
angles  as  read  from  the  two  stations  are  equal. 
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Fig.  125. 


Use.  The  plane-t#ble  is  used  for  the  immediate  mapping  of 
a  survey  made  with  it,  no  angles  being  measured,  but  the  direction 
and  length  of  lines  being  plotted  at  once,  upon  the  paper.  The 
simplest  case  is  the  location  of  a  number  of  points  from  one  central 

point,  called  the  method  of  radi- 
ation. The  table  is  "  set  up 5>  so 
that  some  convenient  point  upon 
the  paper  is  over  a  selected  spot 
upon  the  ground  and  is  then 
clamped  in  azimuth.  Mark  the 
point  upon  the  table  by  sticking  a 
needle  into  the  board.  Now  bring 
the  edge  of  the  alidade  in  contact 
with  the  needle  and  swing  it 
around  until  the  line  of  sight, 

which  is  parallel  to  the  edge  of  the  ruler,  is  directed  to  the  point  to 
be  located.  Having  determined  the  scale  of  the  plat,  aline  is  drawn 
along  the  edge  of  the  ruler  to  scale,  equal  to  the  distance  to  the 
desired  point,  such  distance  having  been  measured  either  with  the 
tape  or  stadia.  In  the  same  way  locate  all  of  the  other  points, 
which  may  include  houses,  trees,  river  banks,  etc.  If  the  plane- 
table  is  set  up  in  the  interior  of  a  field  at  a  point  from  which  all 
of  the  corners  are  visible,  the  corners  can  be  thus  located  and  after 
being  connected,  there  results  a 
plot  of  the  area.  Instead  of  occu- 
pying a  point  in  the  interior  of  the 
field,  one  corner  nuiy  be  selected 
from  which  all  of  the  others  are 
visible,  or  a  point  outside  of  the 
field  may  be  chosen  from  which  to 
measure  the  lines  to  the  several 
corners.  Evidently  from  such  a 
survey,  data  is  lacking  from  which 
to  calculate  the  area,  and  either 
the  map  must  be  scaled  for  addi- 


Fig.  126. 


tional  data  or  the  area  measured  with  the  planimeter. 

The  Fig.  125  illustrates  the  method  of  surveying  a  closed 
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o  and  drawn  to  an  exaggerated  scale.  The  area  abode  representing 
to  scale,  the  area  ABODE.  It  may  be  desirable  to  set  up  the 
table  at  some  other  point,  as  for  instance  one  of  the  corners  of  the 
field,  and  run  out  some  of  the  lines  to  the  other  corners  as  a  check 
upon  the  work. 

Traversing,  or  the  Method  of  Progression.  This  method  is 
practically  the  same  as  the  method  of  surveying  a  series  of  lines 
with  the  transit,  but  requires  that  all  of  the  points  be  accessible. 
It  is  the  best  method  of  working  as  it  provides  a  complete  check 
upon  the  survey. 

Let  ABODE,  Fig.  126,  be  the 
series  of  lines  to  be  surveyed  by 
traversing.  Set  up  the  table  at 
B,  the  second  angle  of  the  line, 
so  that  the  point  b  upon  the  paper 
will  be  directly  over  the  point 
B  upon  the  ground.  (The  point 
1)  should  be  so  chosen  as  to  leave 
room  upon  the  paper  for  as  much 
of  the  traverse  as  possible.)  Stick 
a  needlo  at  the  point  I  and  place 

the  edge  of  the  alidade  against  it.  Swing  the  alidade  around  until 
the  line  of  sight  covers  the  point  A.  Measure  B  A  and  lay  it  off  to 
the  proper  scale  as  la.  Now  turn  the  alidade  around  the  point  I 
and  sight  to  and  measure  the  distance  BC  and  plot  it  to  scale  as  be, 
Eemove  the  instrument  to  c  with  the  point  c  upon  the  paper  directly 
over  C  upon  the  ground,  and  db  in  the  direction  of  CB.  This  is  diffi- 
cult to  accomplish  with  the  plane-table,  but  if  the  plot  is  drawn  to 
a  large  scale,  it  must  be  done.  If  the  plot  is  drawn  to  a  small  scale, 
it  will  be  sufficiently  accurate  to  set  the  table  over  the  point  C  as 
nearly  as  possible  in  the  proper  direction  and  then  turn  the  board 
in  azimuth  until  J  is  in  the  direction  of  B.  Stick  a  needle  at  c.  and 
check  the  length  of  cb.  Swing  the  alidade  around  c  until  the  line 
of  sight  covers  D,  measure  CD  and  plot  cd.  liemove  to  D  and 
proceed  as  before  and  so  on  through  the  traverse. 

If  the  survey  is  of  a  closed  field,  the  accuracy  of  the  work 
will  be  checked  by  the  closure  of  the  survey. 


Fig.  127. 
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The  method  of  progression  is  especially  adapted  to  the  survey 
of  a  road,  the  banks  of  a  river,  etc.,  and  often  many  of  the  details 
may  be  sketched  in  with  the  eye. 

When  the  paper  is  filled,  put  on  a  new  sheet,  and  pn  it,  fix 
two  points,  such  as  D  and  E,  which  were  on  the  former  sheet  and 
from  them  proceed  as  before.  The  sheets  can  afterward  be  united 
so  that  all  points  on  both  shall  be  in  their  true  relative  positions. 

riethod  of  Intersection.  This  is  the  most  rapid  method  of 
using  the  plane-table.  Set  up  the  instrument  at  any  convenient 
point,  as  A  in  Fig.  127  and  sight  to  all  the  desired  points  as  D,  E, 
F,  etc.,  which  are  visible,  and  draw  indefinite  lines  in  their  direc- 
tions. Measure  any  line  as  AB,  B  being  one  of  the  points  sighted 
to,  and  plot  the  length  of  this  line  upon  the  paper  to  any  convenient 
scale.  Move  the  instrument  to  B  so  that  b  upon  the  paper  will  be 
directly  over  B  upon  the  ground,  and  so  that  ~ba  upon  the  paper 
will  be  in  the  direction  of  B  A  upon  the  ground  as  explained  under 
the  method  of  progression.  Stick  a  needle  at  the  point  5  and 
swing  the  alidade  around  it,  sighting  to  all  the  former  points  in 
succession,  and  draw  lines  in  their  direction.  The  intersection  of 
these  two  sets  of  lines  to  the  several  points  will  determine  the 
position  of  the  points.  Connect  the  points  as  ^7,  e,f,  (j,  in  the 
figure.  In  surveying  a  field,  one  side  may  be  taken  as  the  base 
line.  In  choosing  the  base  line,  care  must  be  exercised  to  avoid 
very  acute  or  obtuse  angles:  3(P  and  130D  being  the  extreme  limits. 
The  impossibility  of  always  doing  this,  sometimes  renders  this 
method  deficient  in  precision. 

TOPOGRAPHICAL  SURVEYING. 

A  topographical  map  is  one  showing  the  configuration  of  the 
surface  of  the  ground  of  the  area  to  be  mapped  and  includes  hib*s, 
rivers,  and  all  other  natural  features,  and  sometimes  artificial 
features  as  well. 

A  topographical  survey  is  one  conducted  for  the  purpose  of 
acquiring  information  necessary  for  the  production  of  a  topograph- 
ical map  of  the  area  surveyed. 

Nearly  all  engineering  enterprises  involve  a  topographical 
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importance  of  the  contemplated  work.  The  construction  of  an 
important  building  may  involve  a  survey  of  the  foundation  site 
to  determine  the  amount  of  cut  and  fill ;  the  construction  of  a 
bridge  will  involve  a  hydrographic  survey  of  a  body  of  water  to 
acquire  information  in  regard  to  direction  and  velocity  of  current, 
depth  of  water,  nature  of  bottom,  and  proper  site  for  piers  and 
abutments.  A  proposed  railroad  will  not  only  involve  a  survey 
of  the  line  itself,  but  a  topographical  survey  extending  from  200 
to  400  feet  upon  each  side.  The  design  of  a  sewer  system  or  a 
waterworks  system,  dams,  reservoirs,  canals,  irrigation  channels, 
tunnels,  etc ,  all  involve  topographical  surveys. 

In  what  follows  it  is  intended  to  outline  the  methods  of  con- 
ducting  field  operations,  based  partly  upon  the  nature  and  impor- 
tance of  the  problem  involved,  and  partly  upon  the  instruments 
used.  The  different  methods  of  representing  topography  and  the 
involved  drafting-room  work  will  be  fully  treated  in  Topographical 
Drawing. 

The  field  operations,  in  so  far  as  the  methods  and  instruments 
are  concerned,  may  be  classified  as  follows  : 

1.  Sketching  by  the  eye,  without  or  with  the  tape  for  measuring  dis- 
tances. 

2.  Sketching  with  the  aid  of  the  Locke  hand-level  or  clinometer,  hori- 
zontal distances  being  measured  either  by  pacing  or  with  the  tape. 

3.  Determining  the  elevation  of  points  with  the  wye-level,  horizontal 
distances  being  determined  either  with  the  stadia  or  tape. 

4.  Determining  points  with  the  transit  and  stadia. 

5.  Topographical  sketching  with  the  plane-table  and  stadia. 

6.  Photography. 

7.  Triangulation. 

It  is  evident  that  the  first  method  is  entirely  lacking  in  accu- 
racy, and  such  work  should  be  done  only  when  speed  is  the  most 
important  consideration,  only  the  roughest  approximation  to  the 
topographical  features  being  attempted  ;  contour  lines  cannot  be 
located.  Work  of  this  nature  is  of  value  principally  for  purposes 
of  promoting  an  enterprise  ;  artistic,  showy  plates  being  desired. 
Little  can  be  said  descriptive  of  the  manner  of  carrying  out  the 
field  work,  since  this  will  require  considerable  artistic  ability  as 
well  as  the  ability  to  "  see"  things  and  estimate  distances.  Com- 
paratively  few  men  possess  the  ability  to  carry  out  topography  of 
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entirely  by  sketching  in   the   field,   and   for  this   purpose  the 
following  equipment  is  needed  : 

2  or  3  medium  pencils,  kept  well  sharpened. 

Rubber  eraser. 

Thumb-tacks. 

Several  sheets  of  drawing  paper,  14"  X  14". 

One  light  drawing  board,  15"  X  15". 

A  pocket  compass  will  be  useful  in  determining  the  bearing 
to  prominent  objects  to  tie  in  the  stations  of  the  survey.  A  Locke 
hand-level  or  Abney  clinometer  will  also  be  useful  for  finding 
approximate  heights,  and  either  of  these  instruments  can  be 
readily  carried  in  the  pocket.  It  will  be  more  convenient  to  have 
the  paper  cross-ruled  into  one-fourth  inch  squares,  the  center  line 
being  ruled  in  red,  but  if  drawing  paper  is  used,  it  will  be  neces- 
sary to  add  an  engineer's  scale  to  the  equipment.  The  back  of 
the  drawing  board  should  be  fitted  with  a  leather  pocket,  with  flap 
and  button,  in  which  the  blank  sheets  and  the  finished  topographic 
sheets  should  be  kept.  A  strap  attached  to  the  board  and  to  go 
over  the  shoulder,  will  prove  a  great  convenience.  A  waterproof 
cover  should  be  provided  to  protect  the  board  and  sheets  in  case 
of  rain. 

A  compass  or  transit  survey  forms  the  backbone  of  the  topog- 
raphy, and  the  sketching  should  include  an  area  upon  each  side  of 
the  line  so  surveyed,  and  running  parallel  with  it. 

A  separate  sheet  should  be  used  for  each  course  (by  course  is 
intended  the  straight  line  from  one  turning  point  to  the  next),  no 
matter  how  short  it  may  be.  Begin  at  the  bottom  of  the  sheet 
and  sketch  the  topography  up  the  sheet,  that  is,  in  the  direction 
of  the  progress  of  the  survey,  and  number  the  sheets  in  order. 
Uegm  each  new  sheet  with  the  same  station  that  ended  the  preced- 
ing sheet.  After  the  field  \vork  is  completed,  the  sheets  can  be 
laid  down  in  order,  the  angles  between  their  center  lines  corre- 
sponding to  the  deflection  angles  as  given  by  tin*  transit  notes  of 
the  survey.  The  topography  can  now  be  traced  upon  tracing  cloth 
in  a  continuous  sheet.  The  method  above  outlined  will  result  in 
a  saving  of  time,  especially  in  working  up  the  topographic  plat. 

The  second  method  commends  itself    in    connection    with   a 
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tion  channels,  canals,  etc.     The  equipment  should  be  as  follows  : 

1  or  2  straight  edges,  about  12  feet  in  length. 
1  or  2, 100-foot  steel  tapes. 
1  or  2  plumb-bobs. 

1  pocket  compass. 

2  or  3  medium  pencils,  kept  well  sharpened. 
Rubber  eraser. 

Thumb-tacks. 

Several  sheets  of  drawing  paper  or  cross-section  paper,,  14"  X  14". 

One  light  drawing  board,  15"  X  15"  with  waterproof  cover. 

The  topographic  party  should  be  made  up  of  the  topographer 
and  one  or  two  assistants,  depending  somewhat  upon  the  nature  of 
the  survey  and  the  country  traversed.  If  the  country  permits  of 
rapid  progress  of  the  transit  and  level  party,  two  assistants  will  be 
necessary  to  keep  the  topography  abreast  of  the  surrey.  Rapid  work 
may,  however,  be  done  with  one  assistant,  provided  the  topography 
does  not  extend  more  than  200  feet  each  side  of  the  transit  line. 

The  Abney  clinometer  is  well  adapted  for  this  class  of  work, 
on  account  of  its  portability,  which  is  an  important  item  in  a 
rough  country  with  steep  side  slopes.  It  can  be  used  in  the  same 
way  as  the  Locke  hand-level,  if  necessary,  but  is  a  more  generally 
useful  instrument,  as  is  described  in  Part  1.  The  straight  edge 
should  be  of  well-seasoned,  straight-grained  material,  as  light  as 
possible,  but  so  constructed  as  to  prevent  warping.  It  should  be 
divided  into  spaces  of  one  foot  each,  painted  alternately  red  and 
white.  The  tapes  should  be  of  band  steel,  as  they  are  subjected 
to  rough  usage,  and  they  should  be  divided  to  feet  and  tenths  at 
least.  A  plumb-bob  is  necessary  for  plumbing  down  the  end  of 
the  tape  on  steep  slopes.  The  pocket  compass  is  a  nccemiry 
adjunct  in  work  of  this  character.  The  drawing  paper  should 
preferably  be  cross-section  paper  ruled  into  one-fourth  inch  squares 
with  a  heavy  center  line  in  red,  but  if  ordinary  drawing  papor  is 
used,  it  will  be  necessary  to  include  in  the  outfit  an  engineer's 
scale,  by  means  of  which  distances  may  be  platted  upon  the  sheet. 
Enough  of  these  sheets  should  be  carried  to  cover  a  day's  work,  but 
no  more.  The  drawing  board  should  be  fitted  up  as  described 
under  the  previous  method. 

Method  of  Procedure.      The  transit  line  furnishes,  of  course, 


PLANE    SURVEYING  185 

the  proper  distance  upon  each  side  of  this  line,  by  locating  points 
both  as  to  distance  and  elevation,  upon  perpendiculars  from  the 
transit  stations.  In  rough  country,  it  may  be  necessary  to  locate 
these  points  intermediate  between  the  transit  stations.  Before 
starting  out  upon  a  day's  work  it  is  necessary  to  procure  from  the 
level  party,  the  elevation  of  the  transit  stations,  or  if  the  topog- 
raphy keeps  pace  with  the  transit  survey,  the  elevation  may  be  ob- 
tained from  the  leveler  at  each  station.  For  points  intermediate 
between  transit  stations,  the  elevations  may  be  gotten  closely 
enough  with  the  clinometer  or  hand-level.  The  number  of  each 
station  as  well  as  its  elevation,  should  be  noted  upon  the  topo- 
graphic sheet,  and  the  topography  will  include  the  location  of 
contour  lines,  at  proper  vertical  intervals,  as  well  as  all  streams, 
lakes,  property  lines,  etc.  An  example  showing  the  method  of 
keeping  the  field  notes,  will  at  the  same  time  best  serve  to  explain 
the  methods  of  conducting  the  survey. 

Beginning  with  station  0  at  the  bottom  of  the  sheet,  the 
cumber  and  elevation  of  the  station  are  noted.  See  Fig.  128. 
Sending  the  assistant  out  upon  one  side  of  the  transit  line  and  at 
right  angles  thereto,  he  holds  the  rod  at  points  to  be  designated  by 
the  topographer,  the  distances  to  be  determined  by  pacing,  or  with 
the  tape,  and  the  elevations  determined  either  by  sighting  upon 
the  rod  with  the  clinometer,  or  by  laying  the  straight  edge  upon 
the  ground  at  right  angles  to  the  line  and  applying  the  clinometer 
to  it  to  determine  the  slope,  from  which  elevations  can  at  once  be 
determined.  Contour  points  are  then  readily  interpolated  and  the 
distance  out  platted  to  scale  upon  the  sheet  and  a  note  made  of  the 
elevation  of  the  contour  lines.  If  a  lake  or  stream  intervenes 
within  the  limits  of  the  topographic  survey,  determine  the  distance 
to  and  elevation  of  the  shore  line  and  plat  upon  the  sheet.  Deter- 
mine points  upon  the  other  side  of  the  transit  lino  in  the  same  way. 

If  one  or  more  contour  lines  cross  the  transit  line-  between 
stations,  determine  the  points  of  crossing  and  plat  the  points  upon 
the  sheet,  to  scale,  as  shown  between  stations  0  and  1.  It  will  be 
noticed  in  this  case  that  the  elevation  of  station  0,  is  138  feet  and 
of  station  1,  is  141  feet.  If  contours  are  to  Le  taken  at  vertical 
intervals  of  five  feet,  it  is  apparent  that  the  140-foot  contour  line 
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Fig.  128. 

the  ground  is  uniform,  the  point  of  crossing  may  be  taken  at  two- 
thirds  of  the  distance  from  0  to  1.  Otherwise,  locate  the  point 
with  the  clinometer. 
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Fig.  128. 
IsTow  go   to  station   1  and   locate  contour  points  and   other 
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same  contour  line,  sketching  in  the  curve  of  the  line  with  the  eye. 
Use  a  separate  sheet  for  each  portion  of  the  transit  line  from  turn- 
ing point  to  turning  point;  this  will  require  that  the  turning 
points  appear  upon  two  consecutive  sheets.  Likewise,  if  the  length 
of  the  line  between  turning  points  is  too  long  to  be  platted  upon  a 
single  sheet,  begin  the  second  sheet  with  the  same  station  that 
completed  the  first  sheet  and  so  continue  throughout  the  survey. 
As  each  sheet  is  completed,  number  it  and  return  to  the  pocket  on 
the  back  of  the  drawing  board.  The  pocket  compass  should  be 
used  for  determining  the  bearing  of  property  lines,  roads,  streams, 
etc.,  crossed  by  the  survey,  and  to  take  the  bearings  to  prominent 
objects. 

The  topographic  sheets  should  be  filed  away  in  such  a  manner 
as  to  make  them  easily  accessible  at  any  time,  as  the  engineer  in 
charge  of  the  transit  survey  may  wish  to  consult  them  from  time 
to  time.  The  office  work  of  preparing  the  topographic  plat  can  be 
very  expeditiously  carried  out  as  before  described. 

The  use  of  the  wye-level  as  a  topographic  instrument  is 
limited,  but  for  certain  kinds  of  work  the  instrument  is  the  most 
satisfactory,  as  for  instance,  the  survey  of  a  dam-site;  the  survey 
of  a  reservoir-site;  the  survey  of  a  town  preparatory  to  planning 
sewer  and  waterworks  systems  and  the  planning  of  street  pave- 
ments. 

The  instrument  should  be  fitted  with  stadia  wires  for  measur- 
ing horizontal  distances,  and  this  will  usually  prove  a  great  conven- 
ience, resulting  in  saving  of  both  time  and  expense.  A  steel 
tape  should,  however,  be  included  in  the  equipment  for  field  work, 
for  the  purpose  of  checking  measurements  with  the  stadia.  In 
addition  to  the  above  there  should  be  provided,  the  following 
equipment: 

Self-reading  level  rod,  capable  of  being  road  to  hundredth^  of  a  foot. 

Hatchet. 

Marking  crayon. 

2  or  3  medium  pencils,  kept  well  sharpened. 

Plumb-bob. 

Rubber  eraser. 

Portable  turning  point. 

The  method  of  using  the  level  rod  in  connection  with  the 
stadia  for  measuring-  distances  has  been  fullv  discussed  in  Part  II. 
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The  portable  tnrning  point  will  prove  of  great  convenience 
and  may  be  made  from  a  triangular  piece  of  thin  steel,  with  the 
corners  turned  down  to  project  about  one  inch. 

If  the  level  is  to  be  used  with  the  tape,  the  party  will  be 
made  up  of  the  levelman,  two  tapemen  and  a  rodman,  unless  the 
nature  of  the  work  will  permit  of  the  rodman  carrying  the  rear 
end  of  the  tape.  If  the  stadia  is  used  for  measuring  distances, 
only  the  rodman  will  be  required  in  addition1  to  the  levelman. 
The  levelman  carries  the  note  book  and  enters  into  it  all  rod 
readings  both  for  elevation  and  distances.  These  notes  should  be 
entered  upon  the  left-hand  page,  the  right-hand  page  being  re- 
served for  notes  and  sketches,  which  should  be  as  full  as  possible. 
The  levelman  should  cultivate  the  practice  of  calculating  the  ele- 
vations of  the  stations  as  the  work  progresses,  at  least  of  the 
turning  points  and  bench-marks,  in  order  that  the  results  may  be 
checked  and  errors  discovered  at  once  and  corrected.  If  this  work 
is  left  to  be  afterward  carried  out  in  the  office,  errors  may  be  dis- 
covered that  may  require  considerable  time  to  locate  and  correct. 

If  the  area  to  be  surveyed  is,  for  instance,  a  reservoir  site,  it 
will  be  found  most  convenient  to  cover  the  area  with  a  system  of 
rectangles  as  shown  in  the  figure,  the  parallel  lines  being  spaced 
from  200  to  400  feet  apart  as  may  be  most  desirable.  These  lines 
should  be  run  in  with  the  transit,  stakes  being  set  at  the  inter- 
sections of  the  cross  lines,  or  if  the  area  is  not  very  extended  and 
is  comparatively  level,  by  means  of  the  level  itself,  the  perpen- 
dicular distances  between  the  parallel  lines  being  measured  with 
the  tape. 

These  lines  having  been  laid  down,  the  next  step  is  to  estab- 
lish a  system  of  bench-marks  over  the  area.  Begin  by  establishing 
a  kfc  standard  "  bench-mark  at  some  central  point  upon  a  permanent 
object,  easily  identified,  and  from  thence  radiate  in  all  directions, 
returning  finally  to  the  original  bench-mark  for  purposes  of 
checking.  Having  located  and  satisfactorily  checked  the  bench- 
marks, begin  by  running  the  level  over  all  the  lines  running  in 
one  direction,  as  from  A  to  1>,  back  from  C  to  I)  and  so  on,  taking 
rod  readings  at  every  lifty  or  one  hundred  feet,  in  addition  to  the 
readings  at  the  stakes  at  intersections  of  cross  lines.  It  is  to  be 
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points.  Next  run  the  level  over  the  lines  at  right  angles  to  the 
former  ones  and  in  the  same  way,  checking  the  levels  at  inter- 
sections. Advantage  should  be  taken  of  every  opportunity  to 
check  upon  bench-marks  previously  located,  and  to  establish 
others. 

In  keeping  the  field  records,  the  notes  of  the  two  sets  of  lines 
should  be  kept  in  separate  books  ;  that  is  to  say,  if,  for  instance, 
one  set  of  lines  run  north  and  south,  and,  therefore,  the  other  east 
and  west,  the  notes  of  the  north  and  south  lines  should  be  entered 
in  one  set  of  books  and  the  notes  of  the  east  and  west  lines  in  an- 
other set,  and  a  note  should  be  made  of  the  direction  in  which  a 
line  is  run,  as  from  north  to  south  or  from  east  to  west. 

In  conducting  a  survey  for  the  preparation  of  a  topographical 
map  necessary  to  the  design  of  a  sewer  or  waterworks  system, 
much  the  same  method  is  to  be  followed,  but  now  the  streets  and 
alleys  take  the  place  of  the  rectangular  system  referred  to  above. 
As  before,  all  the  streets  and  alleys  running  in  parallel  directions 
are  to  be  gone  over  in  a  systematic  way,  readings  being  taken  fifty 
or  one  hundred  feet  apart  in  addition  to  street  and  alley  intersec- 
tions. (By  street  and  alley  intersections  is  intended  the  intersec- 
tions of  the  center  lines,  the  lines  of  levels  being  run  along  these 
center  lines.)  If  a  fairly  accurate  map  of  a  town  is  available,  the 
distances  measured  with  the  tape  along  the  center  line  of  the  streets 
and  alleys  will  serve  as  a  check  upon  the  map.  If,  however,  dis- 
crepancies occur  or  there  is  no  map  available,  it  will  be  necessary 
to  use  the  transit  for  staking  out  street  lines  and  for  determin- 
ing the  relative  directions  of  these  lines.  It  follows  that  the 
topography  of  the  ground  between  streets  and  alleys  can  only  he 
approximated,  but  sufficient  points  accurately  determined  will 
have  been  established  to  permit  the  platting  of  a  contour  map, 
from  which  the  system  can  be  laid  down. 

The  olKce  work  involved  in  the  survey  of  an  urea,  as  above 
described,  consists  in  preparing  profiles  of  the  level  lines  and  pre- 
paring a  plat  of  the  lines  surveyed.  From  the  profiles  the  contour 
points  can  be  laid  down  in  their  proper  position  upon  the  plat,  arid  as 
each  point  is  laid  down,  its  elevation  should  be  noted  in  pencil,  and 
after  all  the  points  have  been  platted,  the  points  in  the  same  contour 
line  can  be  connected — preferably  free-hand — producing  the  con- 
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tour  map.  The  scale  to  be  adopted  will  depend  upon  the  nature 
of  the  work,  but  should  be  as  large  as  possible,  consistent  with  the 
convenient  handling  of  the  map. 

Transit  and  Stadia.  The  method  by  transit  and  stadia  is  of 
more  general  application  than  the  preceding  method,  points  being 
located  by  "  polar  co-ordinates,"  that  is  to  say,  by  direction  and 
distance  from  a  known  point,  the  elevation  being  determined  at 
the  same  time. 

Method  of  conducting  field  operations.  If  the  area  to  be  sur- 
veyed is  small,  the  preceding  method,  based  upon  a  system  of 
rectangles,  will  prove  satisfactory,  and  the  elevations  of  the  corners 
and  salient  points  can  be  determined  at  the  same  time  that  the 
lines  forming  the  rectangles  are  being  laid  down.  Especial  care 
should  be  taken  to  check  the  elevations  of  the  corners. 

In  making  a  survey  for  a  sewer  or  a  waterworks  system,  the 
transit  and  stadia  method  will  be  found  efficient,  especially  in  cases 
where  no  survey  has  previously  been  made,  the  map,  if  it  exists  at 
all,  having  been  compiled  from  the  records  in  the  County  Record- 
er's office.  The  bench-marks  necessary  in  a  survey  of  this  kind, 
however,  should  be  established  with  the  wye-level,  and  it  may  be 
desirable  to  determine  the  elevation  of  street  intersections  in  the 
same  way. 

If  the  area  to  be  surveyed  is  too  large,  or  of  uneven  topography, 
proceed  as  follows:  Choose  a  point,  as  the  intersection  of  two 
streets,  the  corner  of  a  farm,  or  an  arbitrary  point  conveniently 
located  and  drive  a  stake  firmly  at  this  point,  ^witnessing" 
it  from  other  easily  recognized  points  or  stakes.  The  transit  should 
be  set  over  this  point  with  the  vernier  reading  zero,  and  the  instru- 
ment pointed  by  the  lower  motion  in  the  direction  of  the  meridian. 
This  may  be  the  true  meridian  previously  determined,  the  mag- 
netic meridian  as  shown  by  the  needle,  or  an  arbitrary  meridian 
assumed  for  the  purpose  of  the  survey.  It  will  generally  be  more 
satisfactory  to  run  out  a  true  meridian  by  means  of  the  solar 
attachment,  hut  in  any  event  the  direction  of  the  line  taken  as  a 
meridian  should  be  defined  by  stakes,  firmly  driven  into  the  ground, 
and  "  witnessed "  by  stakes  or  other  objects  easily  recognized. 
The  elevation  of  the  starting  point,  if  not  known,  is  assumed  and 
in  thft  notebook  A  travftrsft  line  should  r»nw  hft  mr*.  its 
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position  and  direction  chosen  with  a  view  to  obtaining  from  each 
station  the  largest  possible  number  of  pointings  to  salient  features 
of  the  area  under  survey,  and  these  pointings  are  taken  while  the 
instrument  is  set  at  any  station,  and  before  the  traverse  is  com- 
pleted. 

The  length  of  each  course  is  measured  with  the  stadia,  and 
together  with  the  azimuth  and  the  vertical  angle,  it  should  be 
recorded  in  the  notebook.  The  length,  azimuth,  and  vertical  angle 
of  each  course  should  be  read  from  both  ends  to  serve  as  a  check. 
The  additional  pointings  taken  from  each  course  of  a  traverse  are 
usually  called  "  side  shots",  and  for  each  there  are  required  the 
distance,  azimuth,  and  vertical  angle.  "  These  will  locate  the  point 
and  determine  its  elevation. 

The  method  of  using  the  stadia  has  already  been  quite  fully 
discussed  in  Part  II.,  and  need  not  be  repeated. 

The  points  selected  for  side  shots  should  be  such  as  will 
enable  the  contours  to  be  platted  intelligently  a.jd  accurately  upon 
the  map  of  the  area  under  survey.  They  should  be  taken  along 
ridges  and  hollows  and  at  all  changes  of  slope.  They  should  be 
taken  at  frequent  intervals  along  a  stream  to  indicate  its  course, 
or  along  the  shore  of  a  lake.  It  is  usually  required  that  the 
location  of  artificial  structures,  such  as  houses,  fences,  roads,  etc., 
be  determined  that  they  may  be  mapped  in  their  proper  position. 
Pointings,  therefore,  should  be  taken  to  all  fence  corners  and 
angles,  and  to  enough  corners  and  angles  of  buildings,  to  permit 
of  their  being  platted.  Sufficient  points  should  bo  taken  along 
roads  to  determine  their  direction.  Wooded  lands,  swamps,  etc., 
may  be  indicated  by  pointings  taken  around  their  edges.  In 
addition  to  the  notes  above  described,  the  recorder  should  amplify 
the  notes  with  sketches,  to  aid  the  memory  in  mapping. 

The  traverse,  of  course,  forms  the  backbone  of  such  a  survey, 
and  the  accuracy  of  the  resulting  topographical  map  will  depend 
upon  the  degree  of  care  bestowed  upon  running  the  courses. 
Over  uneven  ground,  it  is  often  desirable  to  run  a  secondary  trav- 
erse from  the  first,  for  the  more  rapid  and  accurate  location  of 
points. 

The  organization  of  a  party  will  depend  upon  the  nature 
of  the  countrv  traversed  and  of  the  results  reauired.  Chaneres  in 
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the  make-up  of  parties,  as  given  below,  will  suggest  themselves 
for  any  special  work. 

For  economy  and  speed,  the  party  for  taking  topography  with 
transit  and  stadia  will  consist  of  a  transitmaa  or  observer,  a 
recorder  in  charge  of  the  notebook,  who  should  be  capable  of  making 
such  sketches  as  are  necessary,  and  two  to  four  men  with  stadia 
rods.  The  greater  the  distances  to  be  traversed  by  the  stadia  men 
between  points  taken,  the  greater  number  the  observer  can  work 
to  advantage.  One  or  two  axemen  may  be  employed  if  clearing 
is  to  be  done. 

The  party  may  be  reduced  to  two  men — one  to  handle  the 
instrument,  record  notes  and  make  sketches,  the  other  to  carry  the 
rod. 

The  Plane  Table  and  Stadia.  The  plane  table  is  an  instru- 
ment intended  for  topographic  purposes  only  and  is  used  for  the 
immediate  mapping  of  a  survey  made  with  it,  no  notes  of  angles 
being  taken,  but  the  lines  being  platted  at  once  upon  the  paper. 
The  use  of  the  plane  table  has  been  fully  described.  In  topo- 
graphical work  over  an  extended  area,  it  may  be  used  for  filling  in 
details,  based  upon  a  previous  traverse  made  with  a  transit,  or 
based  upon  a  system  of  triangulation  as  will  be  described.  Over 
small  areas,  the  traverse  itself  may  be  run  with  the  plane  table 
and  the  details  filled  in  at  the  same  time.  It  is  the  standard  in- 
strument of  the  United  States  Geological  Survey  and  is  largely 
used  upon  the  United  States  Geodetic  Survey. 

The  points  in  favor  of  the  plane  table  are  :  Economy,  since 
the  map  is  made  at  once  without  the  expeii>e  of  notes  and  sketches; 
and  as  the  mapping  is  all  done  upon  the  ground  to  be  represented, 
all  of  its  peculiarities  and  characteristics  can  be  correctly  repre- 
sented. 

On  the  other  hand,  the  plane  table  is  an  instrument  useful 
only  for  taking  topography  ;  the  rodnien  are  idle  while  the  map- 
ping is  being  done  ;  the  instrument  is  more  unwieldy  than  the 
transit,  particularly  upon  difficult  ground  ;  the  record  of  the  work 
for  a  long  period  is  constantly  exposed  to  accident  ;  the  distortion 
of  the  paper  with  the  varying  dampness  of  air,  introduces  errors 
in  the  map  ;  while  the  area  exposed  makes  it  too  unstable  to  use 
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The  organization  of  a  party  for  the  taking  of  topography, 
using  the  plane  table,  is  much  the  same  as  with  the  transit  and 
stadia  ;  however,  on  account  of  the  weight  of  the  instrument, 
means  of  transportation  must  be  provided. 

A  less  number  of  rodmen  can  be  employed  than  with  the 
stadia,  owing  to  the  time  required  for  mapping. 

An  observer,  a  man  to  reduce  stadia  notes  and  sketch  topog- 
raphy around  points  determined  by  intersection  or  stadia  from 
the  plane  table  station,  and  one  rodman,  will  make  the  minimum 
working  party,  in  addition  to  which,  axemen  and  a  team  for  trans- 
portation will  be  required. 

Photography.  The  following  is  taken  from  Gillespies  Sur. 
veying  (Staley). 

"  Photography  has  long  been  successfully  employed  by 
European  engineers,  notably  those  of  Italy,  for  the  purpose  of 
taking  topography.  The  Canadian  Government  has  also  employed 
it  successfully  in  the  survey  of  Alaska. 

The  recommendation  of  this  method  is  the  great  saving  of 
time  in  the  field,  while  giving  topographic  features  with  all  the 
accuracy  required  for  maps  to  be  platted  on  a  scale  of  1  to  25,000. 

M.  Javary  states  that  the  maximum  error  both  for  horizontal 
distances  and  elevations,  using  a  camera  with  a  focal  length  of 
twenty  inches  and  a  microscope  in  examining  the  points,  was 
only  1  in  5,000  as  deduced  from  a  number  of  cases. 

M.  Laussedat,  in  his  work,  found  that  this  method  did  not 
require  more  than  one-third  the  time  necessary  by  the  usual 
methods. 

This  makes  it  especially  suitable  in  all  mountainous  regions, 
where  so  inucli  time  is  lost  in  getting  to  and  from  stations,  that 
little  is  available  for  observations  and  sketching. 

A  single  occupation  of  a  station  with  photographic  apparatus 
would  suffice  to  complete  work  that  with  the  ordinary  methods 
would  require  several  days." 

Instruments.  The  ordinary  camera  may  be  used,  if  it  is  pro- 
vided with  a  level.  A  tripod  head  for  leveling  the  instrument, 
and  a  roughly  graduated  horizontal  circle  for  reading  the  direction 
of  the  line  of  sight,  when  photographing  different  parts  of  the 


OTA  nnnTrani«nf   a  f  fanliiYicm  fa 


PLANE   SUEVEYING  195 

A  camera  is  sometimes  used  upon  a  plane  table,  the  record 
of  the  work  being  made  upon  the  paper  in  connection  with  a  set 
of  radial  lines  drawn  from  the  point  representing  the  station 
occupied. 

Many  special  forms  of  instrument  combining  the  camera  and 
theodolite  have  been  devised,  some  one  of  which  should  be  used 
if  work  of  this  kind  is  to  be  undertaken  on  a  large  scale.  For  a 
description  of  these  instruments,  and  a  complete  treatise  on  this 
subject,  comprising  a  discussion  of  the  requirements  of  the  Appa- 
ratus, the  fundamental  principles  of  photography,  methods  of  field 
work,  forms  of  notes,  reduction  of  notes  and  making  of  the  map, 
together  with  the  bibliography  of  the  subject,  see  United  States 
Coast  and  Geodetic  Survey  Report,  1893,  Part  II.,  Appendix  3. 

The  camera  tripod  as  ordinarily  constructed  is  too  unstable 
for  purposes  of  topographic  surveying,  and  it  is  desirable  to  have 
a  tripod  constructed  especially  for  this  class  of  work.  Glass  plates 
are  heavy  and  awkward  to  carry  aside  from  their  fragile  nature. 
Cut  films  can  be  procured  in  any  of  the  standard  sizes,  and  as 
they  are  light  and  stand  rough  handling  and  give  ordinarily  as 
good  results  as  the  glass  plates,  they  are  to  be  preferred.  Their 
cost  is  about  double  that  of  the  glass. 

TRIANQULATION. 

This  method  of  surveying  is  sometimes  called  4*  Trigonometric 
Surveying"  and  sometimes  u  Geodetic  Surveying",  though  this 
latter  is  properly  applied  only  when  the  area  to  be  surveyed  is  so 
extensive  that  allowance  must  be  made  for  the  curvature  of  the 
earth.  Since  this  instruction  paper  is  devoted  to  Plane  Surveying 
only,  the  curvature  of  the  earth  will  be  neglected. 

Trianguliition,  or  Triangular  Surveying,  is  founded  upon  the 
method  of  determining  the  position  of  a  point  at  the  apex  of  a 
triangle  of  \\hich  the  base  and  t\vo  angles  are  measured.  Thus  in 
Fig.  l~t)  the  length  of  the  base  line  AL>  is  measured  and  the 
angles  PAD  and  PBA  are  measured,  from  \\hich  can  be  calculated 
the  lengths  of  the  sides  PA  and  PB.  This  calculated  length  of 
PA  will  then  be  taken  as  the  side  of  a  second  triangle,  and  the 
angles  PAG  and  PGA  measured,  from  which  the  other  sides  of 
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a  field,  farm,  or  a  country  can  be  surveyed  by  measuring  a  base 
line  only,  and  calculating  all  of  the  other  desired  distances,  which 
are  made  the  sides  of  a  connected  series  of  imaginary  triangles 
whose  angles  are  carefully  measured. 

Measuring  the  base  line.  For 
a  base  line,  a  fairly  level  stretch 
of  ground  is  selected,  as  nearly  as 
possible  in  the  middle  of  the  area 
to  be  surveyed,  and  a  line  from 
one  thousand  feet  to  one-half  mile, 
or  longer,  is  very  carefully  meas- 
ured. The  ends  of  this  line  are 
marked  with  stone  monuments  or 
solid  stakes.  If  the  survey  is  of 
sufficient  importance,  the  ends  of 
the  base  line  and  the  apexes  of  the 
lg'  '  triangles  should  Ije  permanently 

preserved  by  means  of  stones  not  less  than  six  inches  square  in 
cross-section  and  two  feet  long,  these  stones  being  set  deep  enough 
to  be  beyond  the  disturbing  action  of  frost.  Into  the  top  of  this 
stone  should  be  leaded  a  copper  bolt  about  one-half  inch  in  diam- 
eter, the  head  of  the  bolt  being  marked  with  a  cross  to  designate 
the  exact  point.  The  point  may  be  brought  to  the  surface  by  a 
plumb-line  for  use  in  the  survey.  The  location  of  each  monument 
should  be  fully  described  with  reference  to  surrounding  objects  of 
a  permanent  character,  so  as  to  be  easily  recovered  for  future  use. 
The  measurement  of  the  base  line  for  the  areas  of  limited 
extent  should  be  made  with  a  precision  of  from  one  in  five  thousand 
to  one  in  fifty  thousand,  depending  upon  the  scale  of  the  map, 
the  extent  of  the  area  under  survey,  and  the  nature  and  importance 
of  the  work. 

The  two  ends  of  the  base  line  having  been  determined  and 
marked,  the  transit  is  set  over  one  end  and  a  line  of  stakes  ranged 
out  between  the  two  ends,  especial  care  being  taken  to  make  the 
alignment  as  perfect  as  possible.  These  stakes  should  be  not  less 
than  two  inches  square,  driven  firmly  into  the  ground,  preferably 
at  even  tape  lengths  apart,  or  at  least  at  one-half  or  one-quarter 
tape  lengths,  center  to  center;  the  centers  should  be  marked  by 
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fine  scratches  upon  strips  of  tin  or  zinc  taeked  to  the  top  of  the 
stakes. 

For  ordinary  work  the  base  line  may  be  measured  with  a  tape, 
notes  being  made  of  the  temperature,  pull,  grade,  and  distances 
between  supports,  the  tape  having  been  previously  standardized. 
For  a  degree  of  precision,  such  as  is  attempted  upon  the  work  of 
the  United  States  Coast  and  Geodetic  Survey,  more  refined  methods 
are  used,  but  as  this  properly  belongs  to  geodetic  surveying,  it  is 
unnecessary  to  consider  it  here. 

Measuring  the  angles.  After  establishing  and  measuring 
the  base  line,  prominent  points  are  chosen  for  triangulation  points 
or  apexes  of  triangles,  and  from  the  extremities  of  the  base  line 
angles  are  observed  to  these  points,  care  being  taken  to  so  choose 
the  points  that  the  angles  shall  in  no  case  be  less  than  30°,  nor 
more  than  120°.  The  distances  to  these  and  between  these  points 
are  then  calculated  by  trigonometric  methods,  the  instrument  being 
then  placed  at  each  of  these  new  stations  and  angles  observed  from 
them  to  still  more  distant  stations,  the  calculated  lines  being  used 
as  new  base  lines.  This  process  is  repeated  and  extended  until  the 
entire  district  included  in  the  survey  is  covered  with  a  network  of 
"primary  triangles  "  of  as  large  sides  as  possible.  One  side  of  the 
last  triangle  should  be  so  located  that  its  length  can  be  determined 
by  direct  measurement  as  well  as  by  calculation;  the  accuracy  of 
the  work  can  thus  be  checked.  Within  these  primary  triangles 
secondary  or  smaller  triangles  are  formed  to  serve  as  the  starting 
points  for  ordinary  surveys  with  the  transit  and  tape,  transit  and 
stadia,  plane  table,  etc.,  to  fix  the  location  of  minor  details. 
Tertiary  triangles  may  also  be  formed. 

When  the  survey  is  not  very  extensive,  and  extreme  accuracy 
is  not  required,  the  ordinary  methods  of  measuring  iinrdes  may  be 
employed.  Others  i>e  there  are  two  methods  of  measuring  angles, 
called,  respectively,  the  method  of  repetition  and  the  method  by 
continuous  reading.  When  an  engineer's  transit  is  iibed  for 
measuring  angles,  the  method  by  repetition  is  the  simple^  and 
best  and  is  carried  out  as  follows  :  The  vernier  is  preferably  set 
at  zero  degrees  and  then  by  the  lower  motion  turned  upon  the  left- 
hand  station;  the  lower  motion  is  then  clamped  and  the  instrument 
turned  by  the  upper  motion  upon  the  right-hand  station:  the 
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upper  motion  is  then  clamped  and  the  instrument  turned  by  the 
lower  motion  upon  the  left-hand  station;  lower  motion  clamped 
and  instrument  again  turned  by  upper  motion  upon  right-hand 
station.  This  process  is  repeated  as  often  as  may  be  necessary  to 
practically  cover  the  entire  circle  of  360°  and  the  circle  is  then 
read.  This  reading  divided  by  the  number  of  repetitions  will  give 
the  value  of  the  angle. 

Now  reverse  the  telescope  and  repeat  the  observations 
described  above,  but  from  right  to  left;  the  readings  being  taken 
in  both  directions  to  eliminate  errors  due  to  clamping  and  unclamp- 
ing  and  personal  errors  due  to  mistakes  in  setting  upon  a  station. 
The  readings  should  be  taken  with  the  telescope  both  direct  and 
reverse  to  eliminate  errors  of  adjustments.  Both  verniers  should 
be  read  in  order  to  eliminate  errors  due  to  eccentricity  of  verniers, 
and  the  entire  circle  is  included  in  the  operation  in  order  to  elim- 
inate errors  due  to  graduation. 

The  second  method,  by  continuous  reading,  consists  in  point- 
ing the  telescope  at  each  of  the  stations  consecutively,  and  reading 
the  vernier  at  each  pointing;  the  difference  between  the  consecu- 
tive readings  being  the  angle  be- 
tween the  corresponding  points. 
Thus  in  Fig.  130  with  the  instru- 
ment at  zero,  the  telescope  is  first 
directed  to  A  and  the  vernier  is 
read;  then  to  B,  0,  D,  E,  etc.,  in 
succession,  the  vernier  being  read 
at  each  pointing.  The  reading 
of  the  vernier  on  A,  subtracted 
from  that  on  B,  will  give  the  angle 
ff  ™  AOB  and  so  on.  It  is  necessary 

in  this  method,  to  read  both  to 
the  right  and  to  the  left,  and  with  the  telescope  both  direct  and 
inverted.  Since  trach  angle  is  measured  on  only  one  part  of  the 
limb,  it  is  necessary  after  completing  the  readings  once  around 
and  back,  to  shift  the  vernier  to  another  part  of  the  limb  and 
repeat  the  readings  in  both  directions,  and  with  the  telescope 
direct  and  inverted.  This  is  done  as  many  times  as  there  are  sets 
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the  telescope  direct  and  inverted,  gives  one  valne  for  each  angle. 

The  lengths  of  the  sides  of  the  triangles  should  be  calculated 
with  extreme  accuracy  in  two  ways  if  possible,  and  by  at  least  two 
persons.  Plane  trigonometry  may  be  used  for  even  extensive 
surveys;  for  though  these  sides  are  really  arcs  and  not  straight 
lines  the  error  under  ordinary  circumstances  will  be  inappreciable. 

Radiating:  Triangulation.  This  method  as  is  illustrated  in 
Fig.  131  consists  in  choosing  a  conspicuous  point  O,  nearly  in  the 
center  of  the  area  to  be  surveyed.  Other  points  as  A,  B,  C5  D, 
etc.,  are  so  chosen  that  the  signal  at  O  can  be  seen  from  all  of 
them,  and  that  the  triangles  ABO,  BCO,  etc.,  shall  be  as  nearly 
equilateral  as  possible.  Measure 
one  side,  as  AB  for  example, 
and  at  A  measure  the  angles 
OAB  and  OAG;  at  B  measure 
the  angles  OB  A  and  OBC;  and 
so  on  around  the  polygon.  The 
correctness  of  these  measure- 
ments may  be  tested  by  the  sum 
of  the  angles.  It  will  seldom  be 
the  case,  however,  that  the  sum 
of  the  angles  will  come  out  just 
even,  and  the  angles  must  then 
be  adjusted,  as  will  be  explained 
later.  The  calculations  of  the  lengths  of  the  unknown  sides  are 
readily  made  by  the  usual  trigonometric  methods;  thus  in  the  tri- 
angle AOB,  there  are  given  one  side  and  all  of  the  angles  of  the 
triangle  from  which  to  calculate  AO  and  BO.  Similarly  all  of 
the  triangles  of  the  polygon  may  be  solved,  and  finally  the  length 
of  OA  may  be  measured  and  compared  with  the  calculated  length, 
a?  found  from  the  lirst  triangle. 

A  farm  or  field  may  be  surveyed  by  the  previously  described 
method,  but  the  following  plan  will  often  be  more  convenient  : 
Choose  a  base  line  as  AB  within  the  field  and  measure  its  length. 
Consider  first  the  triangles  which  have  AB  for  a  base,  and  the 
corners  of  the  field  for  vertices.  In  the  triangle  ACB  for  example 
(see  Fig.  132),  we  measure  the  angles  CAB  and  CBA  and  the 
length  of  the  base  line  AB,  We  can  therefore  calculate  the  length 
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of  AC  and  BC.  Next  consider  the  field  as  made  up  of  triangles 
with  a  common  vertex  A.  In  each  of  them,  two  sides  and  the 
included  angle  are  given,  to  find  the  third  side.  If  now  the  point 
B  at  the  other  end  of  the  base  line  be  taken  for  a  common  vertex, 
a  check  will  be  obtained  upon  the  work. 

A  field  or  a  farm  or  any  inaccessible  area  such  as  a  swamp, 
a  lake,  etc.,  may  be  surveyed  without  entering  it.  For  a  farm  or 
any  area  permitting  unobstructed  vision,  it  will  only  be  necessary 

to  choose  a  base  line  AB,  from 
which  all  of  the  corners  of  the 
farm,  or  all  of  the  salient  points 
of  the  area,  can  be  seen.  Take 
their  bearings,  or  the  angles  be- 
tween the  base  line  and  their 
directions.  The  distances  from 
A  and  B  to  each  of  them  can  be 
calculated  as  described,  and  the 
'  «9  figure  will  then  show  in  what 

manner  the  content  of  the  field 
is  the  difference  between  the  contents  of  the  triangles  having  A 
or  B  for  a  vertex,  which  lie  outside  of  it,  and  those  which  lie 
partly  within  the  field  and  partly  outside  of  it.  Their  contents 
can  be  calculated,  and  their  difference  will  be  the  desired  content. 
See  Fig.  133.  Evidently  the  entire  area  included  bet  ween  the  cor- 
ners of  the  field  and  the  base  line  is  the  sum  of  the  triangles  A2B, 
2B3  and  3B4.  Subtracting  from  this  sum  the  areas  of  the  tri- 
angles 2A1,  1AB,  1B(>,  5(515  and  5B4,  there  will  remain  the 
required  area  of  the  field,  123450. 

lu  all  of  the  operations  which  have  been  explained,  the  posi- 
tion of  a  point  has  been  determined  by  taking  the  angles,  or  hear- 
ings, of  two  lines  passing  from  the  two  ends  of  a  base  line  to  the 
unknown  point,  but  the  same  determination  may  he  effected 
inversely  by  taking  from  the  point  the  bearings  by  compass  of  the 
two  ends  of  the  hase  line  or  any  two  known  points.  The  unknown 
point  will  then  be  fixed  by  plotting  from  the  two  known  points, 
the  opposite  bearings,  for  it  will  be  at  the  intersection  of  the  lines 
thus  determined. 


PLANE    SUKVEYING 


201 


The  determination  of  a  point  by  the  method  founded  on  the 
intersection  of  lines,  has  the  serions  defect  that  the  point  sighted 
to  will  be  very  indefinitely  determined  if  the  lines  which  fix  it 
meet  at  a  very  acute  or  a  very  obtuse  angle,  which  the  relative 
position  of  the  points  observed  from  and  to  often  render  unavoid- 
able. Intersections  at  right 
angles  should  therefore  be 
sought  for,  so  far  as  other  con- 
siderations will  permit. 

Adjusting  the  Triangle. 
All  of  the  angles  of  a  given  tri- 
angle are  measured.  '  If  but  two 
have  been  measured,  and  the 
third  computed,  the  entire  error 
of  measurement  of  the  two  angles 
will  be  thrown  into  the  third 
angle.  It  will  be  found,  upon 

adding  together  the  measured  angles  of  a  triangle,  that  the  sam  of 
the  three  angles  is  almost  invariably  more  or  less  than  ISO".  "With 
the  engineer's  transit  the  error  should  be  less  than  one  minute. 
If  there  is  no  reason  to  suppose  that  one  angle  is  measured  more 
carefully  than  another,  this  error  should  be  divided  equally  among 
the  three  angles  of  the  triangle,  and  the  rtu-rn-ttil  angles  are  used 
in  computing  the  azimuths  and  lengths  of  the  sides.  This  distri- 
bution of  the  error  is  called  "adjusting"  the  triangle.  With  the 
large  systems  of  extensive  geodetic  surveys  much  more  elaborate 
methods  are  employed,  binc-e  a  large  number  of  triangles  must  be 
adjusted  simultaneously  so  that  they  \\ill  all  l»e  geometrically  con- 
sistent,  not  only  each  by  itself,  but  one  with  another. 
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SECTION  OF  FINISHED  HYDROGRAPHIC  CHART 


PLOTTING   AND  TOPOGRAPHY. 

DEFINITIONS  AND   OUTLINE  OF   WORK. 

1.  Definition.     Topography  is  the  art  of  making  a  graphic 
representation,  (a)  of  the  outlines  of  all  water  courses  and  bodies  of 
water,  (b)  of  all  forms  of  relief  of  the  surface  of  the  ground,  and  (c) 
of  all  artificial  features  and  structures  built  by  man.     In  general  the 
art  consists  in  representing  all  these  features  in  such  a  way  that  they 
are  most  easily  intelligible  from  the  map;  while  economy  requires  that 
the  methods  employed  shall  be  such  as  to  make  a  map  which  shall 
give  all  the  necessary  information  with  a  minimum  of  work  in  sur- 
veying and  drafting. 

2.  Scale  of  Map.     (A  general    discussion.)     One  of  the  first 
things  to  be  decided  is  the  scale  of  map  to  be  used,  for  on  this  decision 
will  depend  the  character  of  the  work  which  is  to  be  done.     For 
example,  if  the  map  is  to  be  plotted  on  a  small  scale  it  will  be  useless 
to  do  the  surveying  work  with  a  closeness  of  detail  which  it  will  be 
impracticable  to  represent  on  such  a  small  scale.    The  scale  of  map 
must  depend  on  the  use  which  is  to  be  made  of  it,  as  will  be  discussed 
later.     On  the  one  hand  a  very  small  scale  will  mean  that  desired 
details  cannot  be  readily  shown  or  else  can  only  be  shcn\n  by  the 
draftsman  using  the  most  extreme  care,  and  on  the  other  hand,  a 
lar^'e  scale  will  mean  that  if  the  survey  covers  a  considerable  area  of 
ground   the   map   \\ill   be  inconveniently  large.     In   brief,   the  true 
criterion  for  the  scale  of  the  map  is  that  it  should  be  drawn  to  the 
smallest  .scale  \\hich  \\ill  properly  represent  iiu>  topographical  iVa- 
ttire.s  \vhich  must  l>e  accurately  sho\\n  on  the  required  map. 

3.  Method  ot  Field  Work.      (Determination     of     its    genera! 
character.)     The  choice  in  the  method  of  field  \\ork  depends  on  the- 
same  considerations  as  go\ern  the  required  scale  of  map.     On  the 
one  hand,  the  method  adopted  should  have  a  practicable  accuracy 
sufficient  to  properly  represent  all  required  features.     The  practi- 
cable accuracy  of  any  given  method  is  only  known  to  those  who  have 
learned    by   actual    experience   the    uncertainties    involved    in    that 
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sacrificed  in  plotting  minute  details  with  painstaking  accuracy  when 
it  is  known  by  experience  that  such  accurate  work  cannot  have  any 
practical  utilization.  When  an  engineer  is  making  an  "exploratory" 
survey  through  a  comparatively  unknown  tract  of  country,  he  may 
be  content  with  determining  elevations  with  a  barometer,  the  direc- 
tions of  the  lines  with  a  hand  compass,  the  slope  of  lines  with  a  hand 
level  or  clinometer  and  distances  with  a,  pedometer  (pace-measurer) 
or  odometer  (an  instrument  which  records  the  revolutions  of  a  wheel 
of  known  circumference,  which  is  rolled  over  the  route  traversed). 
These  crude  methods  have  the  merit  of  great  rapidity  and  cheapness 
and  can  be  made  with  sufficient  accuracy  to  determine  whether  that 
general  route  should  be  immediately  rejected  or  deserves  further 
consideration  and  a  more  accurate  survey.  The  above,  which  is 
called  a  reconnaissance,  applies  chiefly  to  railroad  work.  When  a 
topographical  survey  of  a  large  area  is  to  be  made  regardless  of  the 
method  of  utilization,  such  a  reconnoissance  survey  is  made  chiefly 
for  the  purpose  of  planning  the  detailed  work,  selecting  triangula- 
tion  stations  (if  the  triangulation  method  is  to  be  used)  and  deter- 
mining the  method  best  suited  for  the  results  to  be  accomplished. 
For  example,  military  surveys  are  frequently  made  on  horseback  or 
from  a  boat  passing  on  a  stream  or  lake.  The  three  elements  of  dis- 
tance, direction  and  elevation  are  determined  with  only  a  low  degree 
of  accuracy,  but  in  the  hands  of  trained  men  it  is  sufficient  for  the 
purpose  of  these  surveys.  To  pass  to  the  other  extreme,  geodetic 
surveys,  which  have  as  their  ultimate  object  the  determination  of 
the  form  of  the  earth,  employ  the  most  refined  methods  which  inge- 
nuity can  devise  to  eliminate  sources  of  inaccuracy  which  even  in 
ordinary  surveying  are  considered  negligible. 

4.  Plotting.  (The  general  method  to  be  adopted.)  Tin*, 
similarly,  depends  on  the  method  of  field  work  and  the  scale  of  the 
map.  Small  scale  maps  are  used  to  represent  a  very  large  area  of 
country.  Usually  nothing  is  indicated  except  the  most  important 
features.  The  outlines  of  the  largest  bodies  of  water,  such  as  oceans, 
lakes  and  rivers  are  represented  as  closely  as  is  practicable.  Impor- 
tant cities  are  represented  by  arbitrary  signs  such  as  dots  and  small 
circles.  For  special  purposes  (such  as  for  railroad  maps)  the  rail- 
road is  represented  in  a  very  exaggerated  way.  But  on  the  other 
hand,  as  the  scale  of  the  map  grows  larger,  more  and  more  of  the 
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details  can  be  represented,  until  on  the  larger  scale  maps,  even  the 
nature  of  the  crops  in  individual  fields  will  be  represented  by  appro- 
priate  topographical  signs.  When  the  relief  of  the  ground  is  to  be 
shown,  and  especially  if  it  is  of  importance  to  represent  it  with 
accuracy,  the  usual  method  is  to  show  it  by  contours.  Since  these 
lines  are  apt  to  be  mistaken  for  other  lines,  such  as  roads,  rivers, 
etc.,  the  device  of  employing  different  colors  for  the  various  topogra- 
phical signs  is  employed.  When  one  individual  map  is  to  be  made,  it 
is  practically  as  easy  to  use  the  various  colors  as  to  employ  the  single 
color  of  black,  and  it  is  therefore  usually  wise  to  employ  different 
colors  for  such  maps.  But  when  maps  are  to  be  printed  the  color 
method  will  require  several  impressions  for  each  sheet,  which  is 
expensive.  This  feature  will  be  discussed  later.  If  it  were  practi- 
cable to  take  a  photograph  of  the  entire  area  of  country  to  be  surveyed 
from  a  balloon,  which  was  at  a  sufficient  height  above  the  ground  to 
be  surveyed,  it  would  give  what  might  be  considered  in  some  respects 
an  ideal  representation  of  the  area  to  be  surveyed.  But  such  a  pic- 
ture would  be  in  many  respects  useless.  Many  small  but  most 
important  features  would  be  almost  indistinguishable.  The  essence 
of  proper  plotting  consists  in  representing,  perhaps  in  an  exaggerated 
form,  those  features  which  it  is  especially  desired  to  show  on  the  map, 
and  omitting  other  details  which  are  of  no  practical  importance,  at 
least  for  the  particular  purpose  for  which  that  map  is  made.  The 
method  of  plotting  contours  also  permits  an  tic-curate  representation 
of  differences  of  elevation  which  would  be  unobtainable  from  a  bal- 
loon picture. 

Since  the  final  result  of  a  topographic  survey  is  the  map  and 
since  the  method  of  surveying  to  be  used  depends  on  the  scale  of  the 
map  and  the  nature  of  the  physical  characteristics  which  are  to  be 
represented  on  the  map,  the  various  methods  of  mapping  will  be 
first  described. 

TOPOGRAPHIC   MAPPING. 

5.  Large  Scale  Maps.  Topographic  maps  are  frequently 
made  as  the  basis  on  which  to  design  constructive  work,  Mich  as 
buildings  factories,  dams,  reservoirs,  sewerage  and  waterworks 
systems,  canals,  railroads,  etc.  Each  case  has  its  own  peculiar 
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represented  and  the  accuracy  with  which  they  must  be  measured 
and  plotted,  but  a  scale  of  100  feet  per  inch  is  usually  large  enough, 
unless  the  details  are  to  be  given  with  great  precision  or  the  whole 
area  is  so  small  that  a  scale  of  50  or  even  10  feet  per  inch  will  not 
make  a  large  map.  At  a  scale  of  100  feet  per  inch,  every  building 
can  be  drawn  in  its  actual  form  and  dimensions  (to  the  nearest  foot), 
and  even  the  separate  rails  of  a  railroad  track  may  be  clearly  indicated. 
At  such  a  scale,  a  map  30  inches  square  (including  the  border)  will 
show  about  a  half-mile  each  way  or  a  quarter  of  a  square  mile  in 
area.  This  is  sufficient  for  many  purposes  and  the  scale  is  therefore 
largely  used.  There  are  but  few  natural  objects  (such  as  are  usually 
required  to  be  shown  on  maps)  which  cannot  be  shown  in  their 
natural  scale.  This,  however,  does  not  apply  to  the  conventional 
signs  used  to  indicate  various  kinds  of  vegetation — when  it  is  required 
to  dhow  these.  An  accurate  photographic  view  of  these  things 
would  be  useless  as  well  as  impracticable,  and  a  conventional  sign 
for  each,  which  is  frequently  a  suggestive  indication  of  each  on  an 
exaggerated  scale,  must  be  employed  even  on  the  largest  scale  maps. 
6.  Small  Scale  Maps.  Even  when  large  scale  maps  are 
separately  drawn  to  indicate  details  at  special  places,  there  is  a  great 
advantage  in  having  maps  on  a  scale  so  small  that  a  very  large  area 
may  be  shown  on  a  single  map  of  convenient  size.  On  such  maps, 
although  the  general  locations  of  buildings,  etc.,  are  desired,  their 
exact  shape  or  size  is  comparatively  of  no  importance.  The  United 
States  Geological  Survey  indicates  residences  even  on  maps  of  the 
scale  of  approximately  one  mile  to  the  inch  by  minute  squares  of 
solid  black.  They  are  but  little  over  T  /,  0  of  an  inch  square,  and, 
therefore,  would  indicate  (strictly)  a  square  building  a  little  over 
50  feet  square.  Even  a  far  greater  approximation  as  to  si/e  and  shape 
\\ould  .serve  the  purpose.  As  the  area  to  be  represented  o-ro\\s 
larger  thi^  requirement  must  he  met  by  (a)  increasing  the  si'/e  of 
the  map  until  it  approaches  the  limit  of  convenient  size  for  handling, 
(h)  by  making  sectional  maps,  which  for  some  uses  are  impracticable, 
or  (c)  by  decreasing  the  scale.  When  the  scale  is  decreased  the  same 
data  may  be  shown  by  plotting  the  work  finer.  This  has  been  car- 
ried to  an  extravagant  limit  by  the  United  States  Coast  and  Geodetic 
Survey,  whose  maps  are  exceedingly  expensive  to  prepare,  require 
the  finest  grade  of  draftsmen,  and  which  almost  require  a  microscope 
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to  determine  the  details.  Perhaps  the  most  practicable  method  of 
decreasing  the  scale  is  by  judiciously  eliminating  details  which  will 
have  little  or  no  value  for  the  immediate  purpose  for  which  the  map 
is  made,  or  by  modifying' the  conventional  signs  employed  in  such  a 
way  that  they  will  convey  sufficient  information  without  sacrificing 
simplicity  and  clearness.  As  we  decrease  the  amount  of  matter 
placed  on  a  map,  we  increase  the  clearness  and  ease  of  distinguishing 
those  things  which  are  shown.  The  United  States  Coast  Survey 
maps,  being  made  for  general  use,  are  so  crowded  with  minute 
details  that  they  have  a  very  "flat"  appearance,  each  line  being 
necessarily  so  very  fine  that  it  requires  very  close  examination  to  use 
the  map,  and  this  renders  it  difficult  to  use  the  map  in  a  "broad" 
way,  with  the  eye  at  a  distance  from  it.  While  the  inexperienced 
engineer  should  be  very  cautious  to  avoid  the  omission  of  details 
which  might  prove  useful  or  essential  and  should  err  on  the  side  of 
surveying  and  recording  too  much  in  the  field,  yet  the  experienced 
engineer  will  save  time  in  the  field  and  improve  the  character  of  his 
map  by  omitting  details  which  his  experience  tells  him  will  certainly 
not  be  needed  in  the  work  for  which  the  map  is  to  be  used.  \Yhen 
an  engineer  is  making  a  map  for  a  special  purpose,  such  as  railroad 
\\ork,  he  has  no  justification  in  crowding  the  map  with  detail^  which 
might  be  of  importance  in  some  other  kind  of  work,  but  xxhich  will 
not  under  any  circumstances  be  of  importance  in  the  contemplated 
railroad  construction. 

7.  Contours.  A  contour  is  the  intersection  of  the  irregular 
surface  of  the  earth  by  a  level  surface.  The  student  should  note 
that,  although  a  level  surface  is  practically  a  plane  surface  xxhen 
small  areas  are  considered,  yet  it  is  really  a  curved  sunacv,  being  the 
surface  that  the  ocean  \\ould  assume  if  it  \\ere  to  rise  to  the  assumed 
lex  el.  The  simplest  method  of  appreciating  the  nature  and  locati.ni 
of  contours  is  to  consider  them  as  the  shore  lines  formed  l»y  the  ocean 
if  its  .surface  \\ere  to  be  raised  .successively  to  the  different  lex  els 
assumed  for  each  contour.  The  various  levels  are  al\\a\s  taken  at 
equal  vertical  intervals,  the  intervals  varying  with  the  scale  of  the 
map  and  the  character  of  the  country.  For  the  closest  of  detail  xxork 
on  a  larger  scale,  such  as  might  be  used  for  landscape  gardening,  a 
contour  interval  of  one  or  txvo  feet  might  be  necessary.  But  for  ordi- 
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topography  required  for  preliminary  railroad  surveys  is  usually  done 
with  a  5-foot  contour  interval.     The  topographical  surveys  as  made 
by  the  United  States  Geological  Survey,  and  which  are  plotted  at  a 
scale  of  one  or  two  miles  per  inch  (approximately),  are  m£de  with  a 
contour  interval  varying  from  20  to  100  feet,  the  100-foot  interval 
being  necessary  where  steep  mountain  ranges  are  to  be  represented. 
There  are  certain  principles  regarding  contours  which  the  stu- 
dent must  keep  in  mind  and  by  which  he  may  avoid  errors  in  doing 
this  work.     Barring  a  few  exceptional  cases  which  will  be  mentioned 
later  the  following  principles  may  be  laid  down:  First,  a  contour  is 
always  a  continuous  line  inclosing  an  area;  second,  since  that  area 
may,  and  frequently  does,  run  off  the  map  the  contour  may  run  from 
one  edge  of  the  map  to  any  other  point  on  the  edge;  third,  a  contour 
line  is  always  a  continuous  line — it  never  stops  abruptly;  fourth,  con- 
tour lines  do  not  cross  each  other  or  merge  into  each  other.    The  ex- 
ceptions to  the  above  rules  occur  only  where  the  contours  run  into  an 
artificial  vertical  wall  or  a  precipice  which  is  actually  vertical.     In 
the  very  unusual  case  of  an  overhanging  cliff  the  contours   might 
actually  cross  each  other  very  slightly,  but  with  such  exceptions 
which  would   be  readily   recognized   when   they   occur,   the   above 
principles  may  be  considered  as  true,  and  when  the  principles  are 
violated  on  a  map,  it  may  be  considered  as  evidence  of  incorrect 
work.     Neatness  of  work  requires  that  the  contours  should  he  inked 
in  by  lines  of  uniform  color  and  width.     In  order  to  make  sure  that 
the  lines  are  of  uniform  width  they  should  be  inked  in  with  a  "ruling 
pen"  and  never  with  a  "nib  pen."     If  the  inking  in  of  the  contours 
is  done  in  one  continuous  operation,  the  lines  will  probably  have  a 
more    uniform    color   and    thickness.     The    contour   elevations    are 
always  given  with  reference  to  some  datum  plane,  such  as  sea  level, 
and  the  elevations  are  always  a  multiple  of  the  contour  intenal. 
For  example,  if  the  contour  interval  is  20  feet  and  the  datum  plane  is 
sea  level,  then  each  contour  elevation  will  he  a  multiple  of  twenty, 
even  though  the  whole  tract  is  far  above  sea  level.     The  contours 
might  he  at  elevations  000,  080,  TOO,  740,  etc.     Then  the  000,  TOO, 
SOO-foot  -contours  would  be  made  extra  heavy,  and  could  be  more 
readily  distinguished  even  in  steep  places  where  the  contours  would 
be  very  close  together. 
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The  contours  should  be  numbered  at  frequent  intervals,  so  that 
the  elevation  of  a  contour  at  any  point  may  be  determined  by  following 
it  for  a  very  short  distance  to  the  nearest  " ladder"  of  numbers.  The 
student  is  referred  to  Plates  I,  II  and  III  for  illustrations  of  this  point 
as  well  as  many  others. 

Hachures.  The  representation  of  the  relief  of  a  country  by 
hachures  has  been  almost  entirely  superseded  by  the  above  described 
method  of  contours.  Hachures  are  objectionable,  first,  because 
their  representation  with  even  a  pretence  of  accuracy  and  neatness 
is  exceedingly  laborious;  secondly,  because  at  their  very  best 
they  do  not  have  the  accuracy  of  contours;  and  thirdly,  the  map 
is  so  covered  by  them  that  other  desired  topographical  forms  are 
practically  crowded  out.  The  chief  use  of  such  a  method  is  to  give 
a  general  idea  of  the  character  of  the  country  when  the  survey  has 
not  been  made  in  sufficient  detail  to  render  possible  an  accurate 
representation  of  contours.  Under  such  conditions  there  is  usually 
such  a  lack  of  detail  on  the  map  that  the  hachures  will  not  crowd  out 
the  other  desired  topographical  features.  Incidentally  the  hachures 
when  well  done  will  make  a  very  " pretty"  map,  when  the  map  is 
really  lacking  in  topographical  detail.  Maps  of  exploratory  surveys 
are  apt  to  have  this  character.  The  hachures  can  be  used  to  give 
a  very  approximate  representation  of  mountain  peaks,  gorges,  etc., 
whose  forms  are  determined  only  by  very  approximate  sketching 
when  the  observer  is  possibly  one  or  two  miles  away  from  them,  and 
absolutely  no  instrumental  work  is  resorted  to  in  determining  their 
ele\ation.  In  order  to  construct  hachure.s  with  an  approximation 
of  accuracy  it  Ls  desirable  to  .sketch  in  contour  lines  \\ith  a  pencil  at 
equal  vertical  intervals.  The  hachures  uiv  lines  \\hic-h  are  assumed 
to  he  perpendicular  to  a  contour  line  at  every  point  of  their  length, 
or  in  other  \\onls,  and  speaking  geometrically,  they  represent  in  each 
case  and  at  e\ery  point  of  their  length  the  .steepest  line  at  that  point 
of  the  surface.  On  this  principle  the  lines  .should  be  perpendicular 
to  the  contour  lines  and  also  perpendicular  to  any  intermediate  con- 
tour \\hich  might  he  interpolated  between  the  contours  \\hich  are 
dnuvn.  This  means  that  the  hachures  .should  be  in  general  more  or 
less  curved.  (The  student  .should  study  Fig.  1  while  reading  this 
explanation.)  The  steepness  of  the  blope  will  therefore  be  indicated 
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indicated  still  more  graphically  by  increasing  the  thickness  of  the 
hachures  on  the  steeper  slopes.  In  other  words,  hachures  are  made 
shorter  and  wider  for  steep  slopes  and  longer  and  narrower  for 
flatter  slopes.  The  method  of  hachuring  has  been  developed  so  as 
to  attempt  to  indicate  the  degree  of  slope  by  a  systematic  variation 
of  the  distance  between  the  lines,  but  this  method  is  exceedingly 
laborious  and  very  inaccurate  unless  an  amount  of  time  is  spent  on 
it,  which  is  very  wasteful  and  impracticable.  The  general  principle 
in  hachure  representation  is  that  the  darker  the  shading  the  steeper 
is  the  slope,  and  that  any  considerable  space  in  white  means  a  sur- 
face which  is  practically  level.  In  Plate  IV  is  shown  a  representa- 
tion of  the  hachure  method  as  employed  on  a  large  scale  by  the 
United  States  Coast  Survey.  The  student  may  at  once  observe  the 

exceedingly  laborious  char- 
acter  of  the  work  and  the 
^act  that  ^ie  hachures  cover 
UP  a  sPace  which  might 
otherwise  be  utilized  in  the 
representation  of  other  top- 
ographical features.  Hach- 

Fig.  1      Hachures  (Dotted  Lines  Indicate  Pencil       lires  have   the   advantage  of 
Conduction  "nes^hich  are  Eventually  ^ ;ng  attention  to  t]lc  stoq)_ 

ness  of  slopes,  which  may  be 

of  extreme  importance  on  military  maps  where  accuracy  is  by  no 
means  essential,  but  on  which  the  fact  of  a  steep  slope,  oven  if  it 
is  no  more  than  a  bank  of  earth,  is  of  importance.  Hachures  may 
thus  be  used  to  represent  an  artificial  or  natural  embankment  when 
there  is  no  other  representation  on  the  map  showing  any  relief  fea- 
tures of  the  ground. 

Plate  V  illustrates  the  Coast  Survey  method  of  representing 
relief  by  means  of  contours  and  yet  employ  but  one  color.  A  com- 
parison of  Plate  V  with  Plate  III  shows  at  once  the  great  value  of 
using  three  colors  to  represent  the  various  topographical  features. 
It  also  shows  the  practical  difficulty  even  by  the  competent  draftsmen 
employed  by  the  Coast  Survey  to  make  such  a  completed  map  in  but 
one  color.  Although  the  contours  are  undoubtedly  more  accurate 
and  will  give  a  close  approximation  of  the  elevation  of  any  desired 

t.  VPt  the  hachmWl  man  nf  Plntp  TV  iw  nptiiallv  fho  mr\™  r^nuinrr 
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8.     Determination  of  Contours.    The  method  of  deix 
tion  of  contours  depends  on  the  scale  of  the  map  and  of  the 
with  which  the  work  must  be  done.     Several  methods  ar 
cribed  which  vary  in  accuracy,  in  the  instruments  emplo 
the  labor  required  for  doing  the  work. 

"Gridiron"  method.  This 
simple  method  consists  in  estab- 
lishing a  "gridiron"  of  squares 
or  rectangles  over  the  desired 
area  and  determining  the  eleva- 
tion of  each  intersection  point. 
The  great  advantage  of  this  meth- 
od is  its  simplicity.  The  disad- 
vantages are  that  neither  the  con- 
tours nor  the  salient  points  will 
in  general  agree  with  the  points  determined.  Many  points  are 
observed  needlessly  while  other  essential  points  located  within  the 
rectangles  are  only  determined  by  approximation  from  adjacent 
points.  The  work  may  be  done  approximately  with  hand  level, 
rod  and  tape,  but  a  transit  and  wye-level  are  also  used  with  this 
method. 


Fig.  2.    Contours— Gridiron  Method. 


!•  m  Method. 


i  "  method.  A.  broken  line,  consisting  of  straight  lines 
between  instrument  stations  is  run  with  a  transit  or  other  angle 
measure  r  and  a  tape.  At  certain  intervals,  usually  100  feet,  cross 
lines  are  run  at  right  angles  to  the  traverse  lines.  See  Fig.  3.  The 
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Fig.  4.    Locating  Contours. 


them  the  elevation  and  position  of  points  on  the  offset  lines  become 
known.  Usually  the  intersection  of  the  offset  lines  with  the  various 
contours  is  determined.  The  method  of  doing  this  is  illustrated  in 
Figs.  4  and  5.  Knowing  the  elevation  of  the  sub-stations,  a  point 
on  the  offset  line  is  readily  found  by  trial  which  is  at  the  required 
contour  elevation.  The  location  of  points  with  vertical  intervals  of 

5  feet  is  then  very  simple,  as 
shown  in  the  figure.  The  con- 
tours are  thus  determined  di- 
rectly. The  above  methods 
are  only  used  when  the  areas 
are  comparatively  small  (but 
perhaps  of  indefinite  length, 
as  in  railroad  work),  or  when 
the  contour  interval  is  small  and  close  results  are  essential. 

"Stadia"  method.  This  method  has  a  skeleton  like  the  traverse 
method,  but  even  the  distances  between  stations  and  their  elevations 
are  obtained  by  the  stadia  system.  No  100-foot  sub-stations  are 
located.  From  each  station  point,  "shots"  are  taken  to  all  desired 
points,  not  only  for  the  sake  of  establishing  contours  but  also  to  locate 
all  desired  topographical  features.  Incidentally  the  elevations  of 
these  points,  which  would  be  determined,  will  assist  in  determining 
the  contours  more  closely.  It  is  generally  found  in  practice  that  when 
all  desired  details  have  been  lo- 
cated in  position  and  elevation, 
the  contours  are  determined  with 
but  few,  if  any,  additions  of 
points  which  are  located  solely 
for  contour  purposes.  The  math- 
ematical theory  of  the  stadia  has 
already  been  given  in  Plane  Sur- 
veying, and  therefore  will  not  be 
repeated  here.  Only  practice  will 
teach  the  engineer  how  to  locate  the  stadia  points  so  as  to  obtain  all 
the  necessary  information  and  also  to  obtain  the  most  information 
with  the  least  surveying. 

9-     Plotting  the  Contours.     As  before   stated,  the  points  are 
supposed  to  be  so  located  that  straight  lines  ioininp;  anv  two  adiacent 
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points  will  lie  approximately  in  the  surface  of  the  ground.  On  this 
assumption  the  location  of  any  contour  which  comes  between  two 
located  points  is  a  mere  matter  of  dividing  the  horizontal  distance 
between  the  points  into  parts  which  are  proportional  to  the  differences 
of  elevation  of  the  given  points  and  the  contour.  For  example,  the 
elevation  of  one  point  is  162.0  and  of  another  167.8.  The  165-foot 

contour  will  evidently  lie  between  them  and  at  ,„  '  — .,   "*~  —  -r~,  of  the 

167.8  —162.0      5.8 

horizontal  distance  between  them  from  the  lower  point.  This  is  the 
theoretically  exact  solution.  But  since  it  depends  on  an  approxima- 
tion the  experienced  draftsman  can  make  a  rapid  mental  solution 
of  the  proportion  which  will  be  as  accurate  as  the  data  justifies.  If 
there  are  two  or  more  inter- 
mediate contours  the  same 
general  method  may  be  ap- 
plied for  each,  but  the  sim- 
plest method  will  be  to 
locate  first  the  contours  im- 
mediately adjacent  to  each 
point  and  then  interpolate 
any  intermediate  contours. 
After  determining  where 
each  contour  will  cross  the 
line  joining  each  pair  of  sur- 
veyed points  the  contours  may  be  drawn  in  by  connecting  the  cor- 
responding intersections.  Practical  modifications  of  this  theoretical 
method  will  be  made  by  the  topographer  or  draftsman  to  allow  for 
minute  \ariation.s  in  the  contours  which  may  he  .sketched  in  with  suf- 
ficient accuracy  since  the  area  between  determined  point^  will  ah\ays 
be  small. 

Practice  among  topographers  varies  very  greatly  in  the  details 
of  obtaining  contours,  varying  from  the  one  extreme  of  making  the 
method  as  purely  mechanical  as  possible  (which  implies  exoessiu* 
work  if  it  is  at  all  accurate)  to  the  other  extreme  in  which  instru- 
ments are  only  used  to  obtain  a  few  points  of  control  and  then  to  fill 
in  the  intermediate  .spaces  by  sketching.  Men  of  long  experience 
will  do  marvellously  close  work  with  very  few  and  very  simple  instru- 
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ing  with  close  instrumental  accuracy  all  of  the  important  points  and 
contour  points  with  close  frequency,  only  depending  on  sketching 
to  fill  in  very  small  areas  in  which  inaccuracies  would  be  unable  to 
accumulate. 

10.  Telemetry.  This  name  is  applied  to  the  various  methods 
of  measuring  distances  without  the  direct  use  of  a  tape  or  chain. 
No  space  will  here  be  given  to  a  description  of  the  many  ingenious 
but  essentially  impracticable  special  instruments  which  have  been 
devised  for  this  purpose.  In  general  they  are  incapable,  for  prac- 
tical reasons,  of  giving  accurate  results,  or  else  they  are  expensive  to 
construct,  heavy  to  carry,  comparatively  useless  for  other  purposes, 
and  therefore  not  generally  adopted.  The  three  methods  hereinafter 
described  have  the  advantages  that  they  are  merely  attachments  to 
an  engineer's  transit  and  that  the  additions  to  the  weight  and  cost  of 
the  instrument  are  comparatively  insignificant. 

n.  Vertical  Arc  Method.  From  one  standpoint,  this  method 
hardly  deserves  to  be  classed  as  a  regular  method.  Its  disadvantages 
are  so  great  that  no  one  should  depend  on  it  as  a  standard  method, 

but  it  is  frequently  useful  when 

no    other  method   is  available. 

The   essential  principle  is  that 
Fig.  7.  vertical  Arc  Method  °f  the  solution  of  a  triangle,  of 

which  one  side  and  two  angles 

are  known.  The  rod  is  supposed  to  be  held  vertically.  In  the 
special  and  most  simple  case  shown  in  Fig.  7,  a  rod  reading  is 
taken  with  the  line  of  sight  level.  Then  a  rod  reading  is  taken  with 
the  line  of  sight  inclined  at  some  measured  angle.  In  the  right- 
angle  triangle  thus  formed  the  horizontal  distance  equals  the  rod 
reading  divided  by  the  tangent  of  the  vertical  angle.  But  in  general 
the  rod  will  be  at  some  elevation  with  respect  to  the  transit  so  that 
neither  line  of  sight  is  level.  In  Fig.  $  the  angles  a  and  ft  are  both 
measured.  The  angle  c  =  90°  —  a.  Then  in  the  triangle/  J  IT  two 
angles  and  a  side  are  known  and  the  two  other  sides  may  be  com- 
puted, and  from  them  and  the  vertical  angles  the  true  horizontal  dis- 
tance and  the  difference  of  elevation  may  be  computed.  The  one 
advantage  of  this  method  is  that  it  can  be  used  with  any  transit, 
which  is  provided  with  a  vertical  arc.  The  disadvantages  are  many; 
(a)  t\vo  vertical  angles  must  be  measured  and  recorded  for  each  nnint 
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Fig.  8.    Vertical  Arc  Method— Sloping 
Ground. 


observed;  this  adds  to  the  field  work;  (b)  an  oblique  triangle  and  then 
a  right  triangle  (or  two  right  angle  triangles,  as  illustrated)  must  be 
solved  for  each  point  observed;  this  makes  the  office  work  very  labor- 
ious, and  it  is  impracticable  as  a  regular  method,  in  spite  of  the  fact 
that  it  may  be  systematized  by  tabulating  the  results  for  even  values 
of  the  vertical  angle,  the  most  convenient  even  values  being  used  and 
the  corresponding  rod  readings 
observed;  (c)  the  practical  ac- 
curacy obtainable  is  vitiated  by 
the  fact  that  the  transit  is  han- 
dled and  the  telescope  is  moved 
in  the  interval  of  taking  the  two 
readings;  if  the  base  of  the  in- 
strument were  mathematically 
immovable  during  the  complete 
operation  (as  it  is  assumed  to  be) 

there  would  be  no  trouble,  but  it  is  practically  known  that  a  micro- 
scopically minute  jarring  may  take  place  which  may  be  enough  to 
vitiate  the  accuracy  of  the  work  done;  fd)  at  a  distance  of  300  feet, 
and  a  rod  reading  intercept  of  5  feet,  the  vertical  angle  would  he 
0°  34'  ( to  the  nearest  minute);  the  vertical  arcs  of  most  transits  will 
not  read  closer  than  minutes  and  many  of  them  are  not  dependable 
even  for  that ;  in  the  above  case,  an  uncertainty  of  one-half  minute  in  the 
vertical  angle  would  mean  an  uncertainty  of  over  seven  feet  in  the  d^- 
tance,  which  demonstrates  the  practical  limit  of  accuracy  of  the  method. 

Example.     In  Fig.  S  let  the  angle  a  ----  5°  30',  the  rod  reading 
being  1.72,  and  the  angle  b  — 1°  50',  the  rod  reading  being  0.45. 

From  the  figure  we  may  write 

I  K=—K'L-      ^_:  J  IT 
t.ui  4°  3D'  ~~    tan  5°  30' 

.'.  A  J  tim  3°  30'  -  K  J  tan  4°  50'  -  J  II  tan  4°  50' 
A'  J  (tun  5°  30'  -  tan  4°  50')  =J  II  tun  4°  50' 
J  II  tan  4°  50' 


KJ  = 


'  I  K  -= 

tan  4°  30' 


(tan  3°  30' -tan  4°  30') 

KJ  (i  13  -  1  72 

(tan  3°  30' -tan  4°  30' 


J  II  =  0.45  -  1.72 


tWt 


K  J  --  403  X  tan  4°  30'  -=  34.0S.     A'  G  ---  34.0S  +  6.45  •=  4U.53. 
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If  the  height  of  the  instrument,  I L,  =  4.90,  then  the  difference 
of  elevation  of  L  and  G  is  40.53  -  4.90  =  35.63.  As  an  illustration  of 
the  probable  inaccuracy  of  this  method,  a  variation  of  one-half 
minute  in  the  value  of  either  of  the  vertical  angles  will  make  a  differ- 
ence of  over  five  feet  in  the  computed  value  of  I  K. 

12.  Qradienter  Method.  The  instruments  for  gradienter 
work  are  shown  in  Figs.  70,  71  and  75,  in  Part  II.  of  Plane  Surveying. 
The  fundamental  principle  and  use  of  the  gradienter  is  described  in 
the  first  part  of  Part  III  of  Plane  Surveying,  and  it  therefore  will  not 
be  repeated  here.  The  method  of  using  the  gradienter  to  obtain 
distances  and  differences  of  elevation  when  the  line  of  sight  is  inclined, 
are  also  given,  and  it  is  shown  that  the  reduction  equations  are  exactly 
the  same  as  those  required  for  stadia  work.  The  practical  difference 
between  gradienter  and  stadia  work,  therefore,  lies  in  the  relative 
rapidity  of  the  mechanical  work  and  in  the  relative  accuracy  obtain- 
able. It  should  be  noted  that  the  gradienter  requires  two  settings 
of  the  horizontal  cross-wire  on  the  rod.  This  is  sometimes  done  by 
setting  the  screw  of  the  gradienter  at  certain  even  divisions,  so  that 
it  is  turned,  say  2,  3  or  4  whole  revolutions  between  the  two  sights 
and  then  reading  the  rod  at  whatever  reading  there  may  happen  to  be; 
or  the  two  readings  on  the  rod  are  taken  at  even-foot  divisions  on 
which  the  cross-wire  is  more  easily  set,  and  then  the  screw  readings 
are  read  at  whatever  point  they  may  happen  to  be.  The  latter 
method  is  probably  the  more  accurate  and  rapid,  especially  if  two 
targets  placed  on  a  level  rod  have  been  used  to  sight  at.  For  all 
inclined  sights  the  vertical  angle  must  also  be  read".  The  time  re- 
quired is  greater  than  that  for  stadia  work,  but  the  worst  feature  of 
the  gradienter  method  is  the  limitation  of  practical  accuracy.  The 
theory  presupposes  that  the  base  of  the  instrument  is  absolutely  rigid 
during  the  complete  operation  of  taking  the  upper  and  lower  readings, 
but  the  telescope  must  be  moved,  the  instrument  must  be  touched, 
and  the  gradienter  screw  turned  between  the  taking  of  the  two  read- 
ings. The  mere  fact  of  touching  it  and  the  interval  of  time  required 
between  the  two  readings  is  often  suflicient  to  cause  a  motion  of  the 
instrument,  which,  although  microscopically  minute,  will  he  sufficient 
to  \itiate  the  accuracy  of  the  \\ork  done,  and  unfortunately  there  is 
no  practical  means  of  detecting  \\hether  any  such  inaccuracy  has 
actually  occurred.  In  stadia  work  no  motion  of  the  instrument  is 
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made  between  taking  the  upper  and  lower  readings.  The  instru- 
ment may  (and  should)  be  absolutely  untouched.  The  eye  can 
examine  the  reading  for  both  upper  and  lower  wire  repeatedly  to  see 
whether  any  motion  has  occurred  in  the  very  short  interval  of  reading 
the  separate  wires.  In  the  case  of  the  gradienter,  the  motion  may  or 
may  not  take  place.  Even  if  no  inaccuracy  were  caused  in  this  way, 
even  once  in  a  hundred  times,  there  is  always  the  uncertainty  and 
impossibility  of  detecting  such  an  error  unless  the  readings  are 
repeated,  which,  of  course,  would  be  a  great  waste  of  time.  The 
method  of  reduction  of  stadia  observations  by  means  of  tables,  dia- 
grams, or  logarithmic  slide  rule,  which  is  elaborated  further  on,  may 
be  applied  equally  well  to  the  reduction  of  gradienter  observations. 

The  disadvantages  of  the  gradienter  may  be  summed  up  as  fol- 
lows: (a)  The  screw  thread  wears  rapidly  until  it  becomes  inaccurate; 
(b)  it  requires  considerable  time  to  take  each  observation  as  it  should 
be  taken ;  (c)  the  possible  jarring  of  the  instrument  while  any  one  set 
of  observations  are  being  taken  makes  the  results  uncertain  if  not 
actually  inaccurate.  The  chief  advantage  lies  in  the  facility  with 
which  lines  of  any  desired  grade  may  be  run.  After  being  properly 
levelled,  the  number  of  turns  and  fraction  of  a  turn  indicates  immedi- 
ately the  grade  of  the  line  of  collimation  of  the  telescope  in  per  cent. 

i3.  Stadia  Method.  The  theory  of  the  stadia  has  alreaih  been 
given  in  Plane  Surveying  (pp.  120-125),  and  therefore,  will  not  be 
repeated  here.  The  methods  of  making  and  recording  the  field 
observations  were  also  elaborated.  The  work  of  ''reducing"  the 
observations  is,  however,  very  laborious,  unless  it  is  facilitated  by 
some  of  the  methods  hereafter  described.  In  general  every  observa- 
tion is  made  at  some  angle  above  or  below  the  horizontal.  Theoreti- 
cally this  reduces  the  nominal  horizontal  distance  .somewhat  and 
requires  a  computation  for  the  difference  of  elevation.  Practical! v, 
the  correction  for  the  horizontal  distance  is  too  small  for  notice  \\hen 
the  vertical  angle  is  very  small,  hut  even  the  limitations  of  that  cor- 
rection must  he  known  hy  computation.  Restating  the  equations 
given  on  page  12-1  of  Plane  Surveying  we  have 

I  lor.  Dist.  C1  X         (  ffr  cos''  /       (/   f  c)  cos  7,         and 
Diff.  Kiev.  B  X  =  i  -£*'  sin  21  +  (/  +  c)  sin  /. 
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In  these  equations  s'  is  the  rod  intercept,  /  the  focal  length,  i  the 
distance  between  the  stadia  wires  in  the  telescope  and  7  the  angle  of 

inclination  of  the  line  of  sight.    4-  is  usually  made  100. 

i 

14.  Numerical  Accuracy  Obtainable  in  Stadia  Measure- 
ments. Of  course,  a  vertical  arc  is  an  essential  feature  of  a  transit 
used  for  stadia  work,  but  the  accuracy  of  the  vertical  angles  depends 
on  the  accuracy  with  which  the  whole  instrument  is  levelled.  The 
plate  bubbles  of  an  ordinary  engineer's  transit,  while  amply  accurate 
for  their  primary  use  of  making  the  plates  so  nearly  horizontal  that 
the  accuracy  of  horizontal  angles  is  not  vitiated,  seldom  have  a  suffi- 
cient accuracy  to  obtain  vertical  angles  as  close  as  the  nearest  minute 
of  arc,  and  frequently  their  accuracy  is  far  less  than  this.  One  method 
of  obviating  this  inaccuracy  is  to  determine  by  repeated  reversions  of 
the  instrument,  while  it  is  being  set  up,  that  the  horizontal  plate  is 
truly  horizontal,  or  in  other  words,  that  the  vertical  axis  is  truly  ver- 
tical, thus  eliminating  any  error  of  adjustment  of  the  plate  bubbles. 
But  even  this  method,  unless  repeated  every  few  minutes  at  a  costly 
sacrifice  of  time,  will  not  prevent  inaccuracies  due  to  the  settling 
of  the  instrument;  nor  will  it  at  its  best  render  possible  any  close 
accuracy  of  the  vertical  angles,  since  the  bubbles  are  not  sufficiently 
sensitive.  A  transit  for  stadia  work  usually  has  a  large  bubble 
underneath  the  telescope,  which  is  much  more  sensitive,  and  on 
which  a  movement  of  30"  of  arc  will  correspond  to  about  one  division. 
Even  if  this  bubble  is  in  perfect  adjustment,  it  will  be  necessary 
to  make  a  test  every  few  moments  by  clamping  the  telescope  at 
exact  horizontally  and  noting  whether  the  vernier  of  the  vertical  arc 
reads  zero  or  reads  the  amount  of  its  "index  error."  When  it  does 
not  do  so,  it  indicates  that  the  instrument  has  settled  somewhat  in 
the  ground  and  has  thereby  become  thrown  out  of  level  to  some  extent. 
A  far  better  method  is  to  have  the  vernier  of  the  vertical  arc  readily 
adjustable  and  with  a  sufficiently  sensitive  bubble  attached  to  it. 
When  this  bubble  has  been  properly  adjusted,  any  slight  motion  of 
the  instrument  due  to  settlement  can  be  readily  neutralized  by  an 
adjustment  of  the  vernier  arc,  which  will  then  give  each  vertical  angle 
correctly.  But  it  should  be  noted  that  since  vertical  angles  are  only 
read  to  single  minutes,  the  sights  should  not  be  made  excessively  long 
except  when  they  are  taken  merely  for  somewhat  approximate  pur- 
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poses  in  which  a  considerable  inaccuracy  would  be  tolerable.  For 
example,  at  a  distance  of  1000  feet  a  difference  in  vertical  angles  of 
0°  1'  will  equal  .29  of  a  foot  or  3J  inches.  Such  a  stadia  shot  would 
be  justifiable  at  that  distance  to  obtain  a  "contour  point,"  but  unless 
the  whole  work  was  approximate,  a  stadia  station  should  not  be 
located  with  such  inaccuracy.  On  the  other  hand,  for  short  distances 
the  stadia  method  gives  results  which  are  amply  accurate  for  its  pur- 
pose. It  is  not,  of  course,  supposed  that  the  method  would  be  used 
to  replace  wye  leveling.  But  when,  as  is  usually  the  case,  the  stadia 
method  is  used  for  preliminary  surveys  or  else  to  fill  in  the  topography 
between  the  points  whose  relative  positions  and  elevations  have 
already  been  determined  by  triangulation  and  by  leveling,  then  errors 
have  no  chance  to  accumulate  and  the  method  has  the  combined 
advantages  of  great  rapidity,  cheapness  and  sufficient  accuracy  for 
the  purpose.  One  great  bar  to  its  use  has  been  a  lack  of  knowledge 
regarding  the  principles  involved  or  a  lack  of  knowledge  of  the  fact 
that  the  reductions  can  be  so  readily  made  by  means  of  slide  rules. 
Much  of  the  work  now  being  done  is  "reduced"  by  the  use  of  tables 
and  numerical  multiplications,  which  are  certainly  very  slow  and 
laborious  and  which  would  almost  condemn  the  method  for  practical 
use  if  they  could  not  be  avoided.  In  making  the  above  reductions,  the 
student  can  solve  them  by  the  use  of  trigonometrical  tables,  although 
that  is  the  most  laborious  method.  A  set  of  stadia  tables  (see  Table  I) 
is  given  with  this  course  of  instruction,  and  the  student  should  solve 
the  problems  given  later  on,  using  these  tables;  if  in  addition  he  can 
secure  the  use  of  a  stadia  slide  rule,  he  can  determine  for  himself  the 
economy  of  time  obtainable.  Of  course  the  student  must  expect 
that  it  will  l)e  a  little  difficult  at  first  to  use  any  stadia  .slide  rule  until 
he  becomes  accustomed  to  its  manipulation,  but  a  .short  experience 
with  it  will  convince  him  that  it  will  pay  for  itself  in  a  very  few  days. 
If  possible,  the  student  should  solve  the  problems  (as  well  as  others 
which  he  can  himself  make  up)  by  all  of  the  three  methods  referred  to, 
and  thus  determine  for  himself  the  relative  facility  of  doing  the  work 
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OFFICE  WORK. 

15.  Reduction  of  Observations.  The  ordinary  numerical 
trigonometrical  reduction  of  each  observation  by  the  equations  of  §  13 
is  so  laborious  that  such  a  practice  would  render  the  method  impracti- 
cable; (/  +  c)  is  usually  about  12  to  15  inches;  cos  7  is  always  less 
than  unity,  but  for  ordinary  small  angles  is  but  little  less  than  one; 
therefore  (/  +  c)  cos  7  is  always  very  nearly  one  foot.  Considering 
that  one  foot  is  the  smallest  unit  of  measurement  which  it  is  practi- 
cable to  use  in  observing  stadia  distances,  the  practical  accuracy  is 
not  vitiated  by  considering  that  term  invariably  as  one  foot.  When 
the  angle  7  is  about  5°  45',  cos2  7  =.99  and  the  horizontal  distance 
would  be  1  per  cent  less  than  its  nominal  value  of  100  s',  or  100  times 
the  rod  reading.  At  one-half  this  angle  (2°  52')  the  correction  would 
be  about  J  of  1  per  cent.  This  gives  an  indication  of  when  the  cor- 
rection will  be  large  enough  to  deserve  accurate  computation.  It 
may  be  also  observed  that  for  small  angles  sin  7  is  nearly  equal  to 
i  sin  2  7;  for  10°  the  discrepancy  is  about  J  of  1  per  cent;  therefore 
we  may  say  approximately  that  the  difference  of  elevation  B  N= 
(100  *'  +  1)  (i  sin  2  7).  For  angles  of  less  than  10°,  such  as  would 
usually  be  the  case  between  stadia  stations  when  the  levels  are  particu- 
larly important,  the  error  is  a  very  small  fraction  of  an  inch  and  unob- 
servable  with  the  instrument.  Even  with  a  vertical  angle  of  30°,  the 
error  of  the  approximation  would  be  less  than  0.1  foot,  which  is  the 
lowest  unit  for  contour  levels.  We  may  therefore  deduce  the  follow- 
ing practical  method  in  which  all  approximations  are  within  the 
lowest  units  of  measurements.  For  small  vertical  angles,  the  hori- 
zontal distance  equals  100  times  the  rod  reading  plus  one  foot.  For 
larger  vertical  angles  multiply  100  times  the  rod  reading  by  the  square 
of  the  cosine  of  the  angle  of  inclination  and  add  one  foot.  The  prac- 
tical method  of  doing  this  will  be  given  later.  For  the  difference  of 
elevation,  add  one  foot  to  100  times  the  rod  reading  and  multiply 
this  by  one-half  the  sine  of  twice  the  angle.  There  are  three  shortened 
methods  of  accomplishing  these  trigonometrical  multiplications; 
(a)  tables,  (b)  diagrams,  and  (c)  slide  rules. 

The  first  is  by  means  of  tables  which  shorten  the  operation  to 
the  extent  of  giving  directly  cos2  I  and  \  sin  2  7  for  all  desired  values 
of  7,  Lut  thi.s  involves  two  numerical  multiplications  which  are  tedious. 
See  Table  I. 
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The  second  method  is  by  means  of  a  large  chart  or  diagram. 
There  are  many  forms  of  these,  but  they  are  usually  essentially  as 
follows:  there  are  two  sets  of  ordinates,  one  representing  distance 
(the  nominal  rod  reading  times  100)  and  the  other  the  desired  quantity. 
Lines  are  drawn  from  the  origin  for  each  desired  angle  so  that  the 
intersection  of  any  angle  lines  with  any  distance  ordinate  will  give 
an  ordinate  of  the  other  system  which  will  give  the  desired  quantity. 
The  practical  difficulty  lies  in  the  fact  that  if  made  conveniently 
small,  the  scale  is  so  small  that  the  results  are  inaccurate.  When 
they  are  sufficiently  enlarged  they  are  clumsy  to  handle.  The  larger 
sizes  should  be  used  and  they  are  capable  of  good  work. 

The  third  method  is  by  means  of  slide  rules.  These  are  but  an 
adaptation  of  the  ordinary  slide  rule  since  the  process  is  merely  one 
of  multiplication.  One  scale  is  marked  with  degree  and  minute 
marks  at  the  proper  places  for  the  numerical  values  of  those  trigono- 
metrical functions.  By  setting  the  zero  of  the  angle  scale  at  the 
given  distance  (100  times  the  rod  reading)  on  the  other  scale  and  then 
noting  the  mark  for  the  observed  vertical  angle,  it  will  be  found 
opposite  the  required  difference  of  elevation.  The  true  horizontal 
distance  may  be  most  easily  found  by  modifying  the  above  formula 
so  as  to  compute  the  correction  to  the  horizontal.  Cos2  =  1  -  sin"'. 
Therefore  by  multiplying  100  times  the  rod  reading  by  sin"'  7,  we 
obtain  a  correction,  which  is  seldom  more  than  o  or  10  feet,  which  is 
subtracted  from  the  nominal  distance.  In  the  practical  use  of  the 
scale  it  will  be  found  that  this  quantity  may  be  more  readily  read  off 
from  the  scale  than  the  true  horizontal  distance,  and  as  it  is  only  a 
few  feet  the  subtraction  is  readily  made  mentally  while  it  is  being 
recorded.  Colby's  .slide  rule  only  gives  the  difference  of  elevation. 
The  K.  &  E.  stadia  .slide  rules  are  engine-divided  on  white  facings 
and  give  both  the  difference  of  elevation  and  true  horizontal  distance 
\\ith  one  setting  of  the  rule,  but  the  length  of  the  logarithmic  unit  is 
very  short,  which  makes  it  correspondingly  difficult  to  obtain  close 
values.  The  Webb  stadia  slide  rule  has  a  logarithmic  unit  12.5 
inches  long,  which  was  made  possible  by  the  use  of  the  cylindrical 
principle,  and  this  enables  the  values  to  be  easily  read  with  us  close 
accuracy  as  stadia  work  will  justify.  The  horizontal  distance  is  obtained 
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16.  Numerical  Examples.  1.  The  rod  reading  for  a  stadia 
shot  was  3.74  and  the  vertical  angle  was  +  6°  22'.  What  is  the  true 
horizontal  distance  and  the  difference  of  elevation  ?  The  horizontal 
distance  would  be,  according  to  the  approximate  rule,  100  s'  cos2  /. 
Cos  6°  22'  —  .9938.  Squaring  this  number  we  have  .98765,  which, 
multiplied  by  374  =  369.4.  Adding  1  foot  we  have  370.4.  The 
only  approximation  in  the  above  is  on  the  assumption  that  (/  +  c) 
cos  I  =  1  foot,  but  as  before  stated,  the  error  of  the  approximation 
is  so  small  that  it  may  be  disregarded.  In  fact,  the  tenths  in  the  dis- 
tance given  aboye  should  also  be  disregarded,  since  the  rod  reading 
is  taken  only  to  the  nearest  hundredth  of  a  foot,  which  corresponds 
to  an  even  foot  in  horizontal  distance.  The  difference  of  elevation 
is  evidently  equal  to  }  X  100  X  3.74  X  sin  (2  X  6°  22')  +  (/  +  c) 
sin  6°  22'.  This  reduces  to  41.22  +  0.11  =  41.33.  Since  sin 
6°  22'  =  .1109  while  i  sin  12°  44'  =  .1102,  the  approximation 
referred  to  above  only  equals  .0007  (f  +  c)  which  equals  in  this  case 
.0084  inches  when  the  (/  -f  c)  =  12  inches.  Since  it  is  useless  to 
attempt  to  take  levels  closer  than  0.01  of  a  foot  which  equals  .12  of  an 
inch  it  is  thus  seen  that  the  above  approximation  is  far 'within  the 
limits  of  accuracy.  Therefore  we  can  see  at  once  that  the  difference 
of  elevation  equals  (374  +  1)  \  sin  27,  which  in  this  case  equals  41.33, 
which  is  the  same  value  as  before. 

The  above  solution  was  made  by  the  long  and  usually  impractic- 
able process  of  taking  the  multipliers  from  an  ordinary  trigonometrical 
table.  The  method  is  simplified  by  employing  what  is  called  a 
"stadia  reduction  table,"  such  a.s  is  given  in  the  back  of  this  book. 
Looking  in  the  column  headed  0°  we  find  opposite  0°  22'  the  value 
9S.77.  If  we  multiply  OS. 77  by  3.74,  the  rod  reading,  we  obtain  309.4 
as  before;  adding  1  we  have  370.4.  For  the  difference  of  elevation 
we  multiply  the  number  corresponding  to  G°  22',  which  is  11.02,  bv 
3.74,  and  obtain  41.21.  This  practically  is  the  same  value  as  before, 
the  difference,  which  is  really  but  a  fraction  of  a  hundredth  of  a  foot, 
being  caused  by  a  slight  inaccuracy  in  the  last  figure  in  the  table. 
At  the  bottom  of  the  table  we  find  that  when  (f  +  c)  — - 1,  as  we  have 
assumed  above,  the  quantity  to  be  added  for  difference  of  elevation  -  - 
.11,  which  gives  a  total  of  41.32,  which  is  the  value  we  previously 
obtained  by  the  long  process.  This  process  is  therefore  considerably 
shorter  than  the  first,  although  it  involves  two  multiplications.  The 
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third  method  is  to  use  a  diagram.  As  it  is  impracticable  to  illustrate 
a  diagram  which  would  have  any  practical  value  for  this  purpose  on 
the  pages  of  such  a  book,  we  must  be  content  with  a  mere  description 
of  the  process  as  described  in  section  15.  Stadia  slide  rules  are  illus- 
trated later  on.  (See  Section  33,  Figs.  25,  26  and  27.)  To  use  them 
we  simply  need  to  set  the  zero  of  the  angle  scale  (or  perhaps  some 
other  specified  mark  in  a  multiple  scale)  opposite  the  mark  on  the 
distance  scale  which  represents  the  rod  reading;  then  opposite  the 
mark  on  the  angle  scale,  which  indicates  the  angle  of  elevation  or 
depression,  we  may  read  directly  on  the  distance  scale  the  difference 
of  elevation.  For  example,  in  the  above  case,  and  using  the  Webb 
Stadia  Slide  Rule,  we  would  set  the  left-hand  end  of  the  scale,  which 
gives  the  "difference  of  elevation"  and  which  contains  the  angles 
between  6°  and  7°,  on  the  mark  indicating  375,  then  looking  for  6°  22' 
on  the  angle  scale,  which  would  be  found  by  interpolating  between 
the  mark  for  6°  20'  and  6°  25",  we  may  read  at  once  41.3.  This  is 
always  sufficiently  accurate  for  contour  work,  and  unless  extreme 
care  has  been  taken  to  have  the  instrument  in  perfect  adjustment  it 
is  as  close  as  the  difference  of  elevation  can  be  depended  upon  at  a 
distance  of  375  feet.  This  operation  requires  but  a  few  seconds  of 
time.  To  obtain  the  correction  to  the  horizontal  distance,  we  place 
the  left-hand  end  of  the  rule  giving  "Hor.  corr."  for  6°  22'  on  375  of 
the  main  scale  and  note  that  the  angle  marked  6°  22'  occurs  at  -t  JT 
of  460,  showing  that  the  horizontal  correction  is  4.6,  which  would 
give  the  true  horizontal  distance  as  370.4  as  before.  This  is  even 
more  accurate  than  is  necessary,  and  we  would  call  the  true  horizontal 
distance  the  even  number  370  feet. 

Example  2.  Verify  the  following  results  obtained  \\ith  an  instru- 
ment whose  (f  -7-  c)  —  12  inches.  It  .should  he  noted  that  a  large 
vertical  angle  is  not  usually  combined  with  a  great  distance,  a->  that 
would  mean  an  extreme  difference  of  elevation.  The  following 
examples  have  purposely  been  chosen  to  cover  almost  every  case  that 
will  occur  in  actual  practice;  munch ,  .short  distances  and  slight  differ- 
ence of  elevation;  long  distances  with  .small  vertical  angle;  and  short 
distances  and  large  vertical  angles,  such  as  occur  when  surveying 
through  a  gorge  and  side  shots  are  taken  up  the  steep  banks  of  the 
gorge.  The  student  should  note  in  each  case  that  the  approximate 
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Rod  Beading. 

Vert.  Angle. 

Diff.  Elev. 

True  Hor.  Dist. 

1.34 

-f     0°  14' 

+         .54 

135' 

8.76 

H-    0°  12' 

+     3.06 

877' 

4.22 

-     7°  06' 

-    51.9 

417' 

0.96 

-f  25°  15' 

+   37.47 

80' 

17.  Reduction  of  Field  Notes.    This  topic  is  mentioned  chiefly 
with  a  view  of  giving  a  warning.     With  a  few  exceptions  which 
will  be  noted,  there  should  be  no  such  thing  as  a  "  reduction  of  field 
notes,"  or  in  other  words,  the  notes  taken  in  the  field  should  be  com- 
plete and  the  surveyor  should  never  wait  to  get  back  to  the  office  and 
then  depend  on  his  memory  to  complete  the  notes.     A  desire  to  make 
the  notes  neat  and  to  do  the  work  under  more  favorable  circumstances 
of  office  surroundings  and  suitable  temperature,  will  often  tempt  the 
surveyor  to  make  the  field  notes  very  meagre  and  then  depend  on 
them  and  on  his  memory  to  make  a  more  complete  set  after  the  office 
is  reached.     Under  special  circumstances  this  may  be  justifiable,  but 
in  general  every  essential  fact  should  be  recorded  in  the  field.     The 
only  exception  to  this  may  be  stated  in  a  broad  way  to  be  such  reduc- 
tions and  additions  as  can  be  unmistakably   made  from  the  field 
notes  taken.     An  example  of  such  reduction  is  the  computation  of 
the  difference  of  elevation  and  the  correction  to  the  horizontal  dis- 
tance which  must  be  computed  from  stadia  measurements.     When 
circumstances  will  permit,  it  is  preferable  to  make  even  these  reduc- 
tions in  the  field,  as  may  be  readily  done  if  a  stadia  slide  rule  is  used, 
and  then  plot  the  work  on  a  sketch  board.     The  surveyor  should 
cultivate  the  habit  and  ability  to  make  sketches  in  the  field  which 
shall  be  approximately  to  a  correct  scale  and  which  will  settle  in- 
disputably the   ambiguity    which  often   arises  from   field  notes  ex- 
pressed simply  in  words  and  numbers.     Therefore  with  the  excep- 
tion of  mathematical  processes,  which  are  perfectly  definite  and  which 
may  be  made  more  conveniently  in  the  office  after  the  surveying 
work  is  done,  there  should  be  no  "reduction  of  field  notes." 

18.  Plotting  of  Farm  Surveys  from  Field  Notes.     Some  of 
the  statements  in  the  last  paragraph  apply  especially  to  this  subject. 
A  sketch  of  the  farm,  as  is  illustrated  in  "Plane  Surveying,"  page  119, 
Fio-.  83.  should  alwflvs  he  made  in  the  note  honk       ftnnh  a 
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of  even  greater  importance  than  the  more  formal  notes  in  columns 
such  as  are  illustrated  on  page  118,  for  the  sketch  alone  would  serve 
the  purpose  if  care  is  taken  to  record  everything  on  it,  while  the  notes 
in  columns  are  frequently  subject  to  ambiguity.  To  put  it  more 
strongly,  it  requires  the  greatest  skill  to  make  the  formal  notes  so  that 
they  will  not  be  ambiguous.  The  plotting  of  farm  notes  will  there- 
fore consist  of  making  a  copy  of  the  sketch,  but  with  all  dimensions 
drawn  accurately  to  the  desired  scale  instead  of  roughly  and  inac- 
curately as  in  the  sketch.  The  scale  of  sketch  to  be  adopted  of 
course  depends  on  the  amount  of  detail  which  it  is  desired  to  show 
on  the  map.  If  possible,  the  map  should  be  oriented  so  that  the 
meridian  points  up,  but  this  may  be  impracticable  on  account  of  the 
form  of  the  farm,  or  the  direction  of  its  longest  dimension.  As  a 
matter  of  practical  accuracy,  the  direction  of  the  meridian  line  should 
be  immediately  determined  by  penciling  a  long  line  that  runs  approxi- 
mately through  the  center  of  the  map,  then  all  lines  should  be  plotted 
in  accordance  with  their  angle  from  this  meridian  line.  If  latitudes 
and  departures  have  already  been  computed  it  is  far  more  accurate  to 
determine  the  direction  of  the  boundary  lines  by  scaling  off  the  lati- 
tude and  departure  of  each  line.  If  it  is  necessary  to  use  a  protractor, 
then  the  protractor  should  be  as  accurate  as  possible.  The  very 
small  protractors  having  a  radius  of  about  2  inches,  which  are  fre- 
quently found  with  a  cheap  set  of  drawing  instruments,  are  worthless 
for  accurate  topographical  plotting.  If  a  protractor  must  be  used, 
it  is  far  better  to  purchase  an  8-inch  or  even  a  14-inch  paper  protractor 
which  can  be  bought  for  20  or  40  cents.  "With  care  this  \\ill  last  a 
long  time  and  will  be  far  more  satisfactory  than  the  small  metal  or 
horn  protractors  which  are  frequently  used. 

Another  method  of  laying  off  angles  accurately  is  to  i^e  a  table 
of  natural  tangents,  using  a  decimal  scale,  viy  20  to  the  inch.  Five 
inches  of  this  scale  is  divided  into  100  parts  and  by  interpolation  it 
may  be  read  to  1000  parts.  Lay  off  this  o  inches  on  a  linr  and  erect 
a  perpendicular  to  that  line  at  the  5-inch  point.  Suppo.se  that  the 
angle  to  be  laid  off  is  16°  45';  the  natural  tangent  taken  from  a  table 
is  0.301.  Therefore,  scale  off  on  the  perpendicular  with  the  "20 
scale"  30.1  divisions.  A  line  to  the  starting  point  will  make  the 
required  angle  of  16°  45'  with  the  given  line.  Since  the  length  of 
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approached  90°,  the  preferable  method  would  be  to  erect  a  perpen- 
dicular to  the  given  line  at  the  point  from  which  the  angle  was  to  be 
made;  lay  off  the  5  inches  on  that  perpendicular,  erect  a  line  perpen- 
dicular to  it  (or  parallel  to  the  original  line)  and  determine  the  tangent 
of  90°  minus  the  given  angle.  Of  course,  if  still  greater  accuracy  is 
desired,  a  longer  base  line  than  5  inches  can  be  used.  Other  details 
of  the  plotting  of  farm  surveys,  which  are  applicable  to  other  forms 
of  plotting,  will  be  given  subsequently. 

19.  Plotting  of  Profile  From  Level  Notes.  Profiles  are  al- 
most invariably  plotted  on  "profile  paper."  There  are  three  gen- 
eral methods  of  ruling  the  lines  on  profile  paper,  and  the  paper 
adopted  will  depend  somewhat  on  the  use  to  be  made  of  it.  Vertical 
lines  are  ruled  J  inch  apart,  sometimes  £  inch  apart.  Horizontal 


Fig.  9.    Plotting  Angles  from  Tangent. 

lines  are  ruled  20,  25  or  30  to  the  inch.  The  paper  comes  either  in 
sheets  about  42  inches  long  and  15  inches  high,  or  else  in  rolls  which 
are  10  or  20  inches  wide  and  50  yards  long.  Sometimes  the  pupcr 
is  mounted  on  muslin  and  sometimes  the  rulings  are  made  on  tracing 
paper  or  on  tracing  cloth.  The  levels  are  always  referred  to  some 
datum  plane,  which  is  lower  than  any  elevation  to  be  recorded.  Each 
fifth  horizontal  line  is  ruled  somewhat  heavier  than  the  others  and 
one  of  these  lines  should  be  selected  as  the  line  indicating  some  even 
multiple  of  5  feet  above  datum  plane.  Some  little  ingenuity  is  often 
necessary  to  choose  the  proper  line,  so  that  the  profile  will  run  neither 
too  high  nor  too  low.  The  scales,  both  horizontal  and  vertical, 
which  are  to  be  used,  must  be  selected  with  reference  to  the  character 
of  the  work  to  be  shown.  The  horizontal  scale  will  usually  vary 
from  100  to  400  feet  to  the  inch.  At  a  scale  of  400  feet  to  the  inch, 
each  vertical  line  therefore  corresponds  to  100  feet  of  horizontal  dis- 
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Fig,  10,    Profile  and  Grade  Line. 


tance.  Usually  each  horizontal 
line  (spaces  ^  of  an  inch  apart) 
means  1  foot  of  elevation,  or  in 
other  words,  the  vertical  scale  is 
20  feet  to  the  inch.  Since  the 
engraved  lines  usually  cover  a 
vertical  space  of  15  inches,  this 
scale  will  allow  a  range  of  profile 
of  300  feet.  If  20  feet  per  inch  is 
chosen  as  the  vertical  scale,  and 
the  total  vertical  range  of  the 
profile  does  not  exceed  300  feet, 
then  the  whole  profile  may  be 
placed  without  a  break  on  such 
a  sheet,  but  the  choice  of  lines 
to  represent  any  given  elevation 
must  be  made  accordingly.  When 
a  larger  vertical  scale  is  ohosen 
or  the  range  of  elevation  is  gi  eat- 
er, as  it  is  apt  to  be  for  a  con- 
tinuous railroad  profile,  a  break 
may  be  made  by  raising  or  lower- 
ing the  profile  an  even  number  of 
feet;  for  example,  by  making  a 
change  at  some  vertical  line  by 
which  the  elevation  indicated  by  a 
given  horizontal  line  is  abruptly 
changed,  *ay  100  or  200  feet. 

Mark  on  the  profile  sheet  the 
elevation  corresponding  to  the 
horizontal  lines  and  also  the  dis- 
tances corresponding  \vith  the 
vertical  lines,  then  having  re- 
corded in  the  note-book  the  eleva- 
tions above  the  datum  plane  of 
every  desired  point  in  the  profile, 
plot  each  point  at  its  proper  po- 
sition according  to  the  horizontal 
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scale  and  likewise  according  to  the  vertical  scale.  A  line  drawn 
through  these  several  points  will  give  the  profile  of  the  surface.  If 
it  is  desired  to  establish  a  given  grade  line  on  that  profile,  the  location 
in  distance  and  elevation  of  ftie  governing  points  of  that  grade  line 
should  then  be  plotted  and  the  grade  line  drawn  through  them. 
Usually  this  grade  line  will  lie  alternately  above  and  below  the  sur- 
face line  and  we  thus  have  a  graphical  representation  of  the  amount 
of  cut  or  fill  required  at  any  point. 

20.  Plotting  of  Stadia  Survey  Notes.  Stadia  surveying  is 
almost  invariably  based  on  a  skeleton  which  has  been  surveyed  with 
a  higher  grade  of  accuracy  than  is  possible  with  mere  stadia  work. 
This  skeleton  is  usually  made  by  triangulation,  and  therefore  errors 
cannot  accumulate  beyond  those  incident  to  a  survey  between  two 
triangulation  stations.  Of  course,  the  sub-stations  between  the  tri- 
angulation  stations  are  determined  wholly  by  stadia  measurements, 
and  if  the  area  to  be  surveyed  is  very  small,  this  may  constitute  the 
skeleton  of  the  whole  work  regardless  of  any  triangulation  stations. 
If  triangulation  has  been  used,  then  the  triangulation  stations  should 
be  first  plotted  with  all  the  accuracy  that  is  possible.  The  next  step 
will  be  to  run  the  traverse  lines  which  connect  the  stadia  sub-stations 
and  which  run  between  the  triangulation  stations,  as  well  as  shorter 
traverse  lines  which  might  be  used  to  connect  stadia  stations  and  form 
a  net  work.  The  stadia  work  for  the  lines  between  stations  should 
be  done  with  such  accuracy  that  there  is  no  appreciable  error  or 
closure  when  connecting  the  triangulation  stations.  If  any  such 
error  is  found,  it  should  be  investigated,  and  if  it  amounts  to  a  great 
deal,  it  may  indicate  some  gross  blunder  in  the  field  work.  One 
method  of  investigating  such  blunders  is  to  compute  the  latitude  and 
departure  of  each  course  of  the  traverse.  The  algebraic  sum  of  these 
should  be  the  latitude  and  departure  between  the  t\\o  terminal  sta- 
tions, and  the  amount  of  the  discrepancy  will  indicate  whether  it 
should  be  ascribed  to  mere  cumulative  inaccuracy  or  to  some  gross 
blunder  at  some  one  place.  When  the  closure  has  finally  been  settled 
with  satisfactory  accuracy  all  stadia  stations  will  have  been  plotted. 
The  reference  line  for  azimuths  in  stadia  work  is  usually  a  meridian 
line,  but  whether  it  is  so  or  not,  that  reference  line  should  be  drawn 
through  each  station  and  sub-station  from  which  stadia  shots  have 
been  taken.  A  full  circle  protractor  is  the  most  convenient  instru- 
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ment  to  use  for  this  purpose,  and  although  a  protractor  G  inches  in 
diameter,  when  used  carefully,  may  answer  the  purpose,  it  is  preferable 
to  have  one  of  a  larger  size  even  though  it  is  engraved  on  paper. 
Number  all  the  stadia  shots  at  each  station  and  with  its  zero  line  run- 
ning along  the  azimuth  reference  line,  mark  by  dots  on  the  edge  of 
the  protractor  the  angles  as  given  for  the  various  shots  taken  from 
that  station.  As  each  one  is  marked,  indicate  the  mark  very  lightly 
by  a  number,  which  is  the  number  of  the  shot.  Usually  all  the  shots 
taken  from  any  one  station  may  be  marked  off  with  a  single  placing 
of  the  protractor;  then,  removing  the  protractor,  scale  off  from  the 
stadia  station  the  various  distances  for  each  shot,  making  a  dot  at  the 
required  distance  and  drawing  around  it  a  small  circle  very  lightly  in 
pencil  to  aid  in  finding  its  position.  Indicate  immediately  in  pencil 
the  elevation  of  the  point,  which  elevation  should  have  been  pre- 
viously computed  and  recorded  in  the  note  book.  This  also  serves 
to  identify  the  point.  When  two  or  more  points  have  been  obtained 
to  determine  the  corners  of  buildings,  bridges  or  other  structures, 
the  points  should  be  immediately  connected  so  as  to  render  the  signifi- 
cance of  the  points  at  once  more  intelligible.  It  may  even  be  prefer- 
able to  indicate  very  lightly  in  pencil  the  general  run  of  the  contour-? 
through  the  elevations  which  have  been  obtained,  since  every  new 
indication  on  the  map  will  render  it  plainer  and  enable  the  rest  of  the 
work  to  be  put  on  with  less  danger  of  making  blunders.  By  makin, 
all  marks  with  a  hard  pencil  and  without  bearing  on  very  hard,  mis- 
takes may  be  corrected  without  excessive  erasures,  which  mi^ht  spoil 
the  paper,  and  yet  the  penciling  \\ill  he  sufficiently  plain  .so  that  it  fan 
he  inked  in  when  it  is  found  to  he  satisfactory.  This  is  particularly 
true  in  the  matter  of  connecting  the  contour  lines  which  ha\e  heen 
determined  from  various  .stadia  .stations.  After  indicating  all  dcsirnl 
features,  the  a/imuth  reference  line  through  each  stadia  suh-stntioii, 
a.s  \\ell  as  other  features  \\hich  have  heen  lightly  penciled  in.  ma\  he 
erased  without  trouhle. 

21.  Plotting  of  Maps  by  Projection.  For  small  areas  such 
as  farms  and  parks,  \\here  the  area  is  but  a  few  square  miles,  it  is  suffi- 
ciently accurate  to  assume  that  the  surface  of  the  earth  is  plane,  01 
in  other  words,  that  all  plumb  lines  held  at  all  points  of  the  map  \\ould 
he  precisely  paiallel.  But  when  the  areas  amount  to  hundreds  of 
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curvature  of  the  earth  cannot  be  neglected  either  in  the  computations 
or  plotting.  A  "single  curved  surface,"  such  as  that  of  a  cone  or 
cylinder, can  be  "developed"  and  it  will  lie  flat;  i.e.,  the  surface  could 
be  rolled  out  on  a  plane  surface  without  changing  any  proportions. 
But  a  surface  of  "double  curvature"  such  as  a  sphere  is  not  develop- 
able, and  there  then  arises  the  problem  of  representing  on  a  plane 
surface  the  surface  of  a  sphere  with  as  little  distortion  as  is  possible. 
There  are  many  methods  of  accomplishing  this,  some  of  which  are 
very  approximate.  They  will  be  described  in  the  order  of  their  com- 
plexity, which  likewise  means  the  order  of  their  accuracy.  In  each 
case  will  be  described  the  method  of  plotting  parallels  of  latitude  and 
meridians  of  longitude.  Since  in  any  case  a  line  is  determined  by  its 
passing  through  a  point  of  known  position  and  running  at  a  given 
angle  with  the  meridian,  the  plotting  of  meridians  and  parallels  gives 
a  sufficient  framework  for  the  plotting  of  any  map. 

Trapezoidal  Projection.  In  this  method  parallels  and  meridians 
are  plotted  as  straight  lines.  In  Table  II  are  shown  the  distances 
between  parallels  of  latitude  at  any  given  latitude  (the  distance  vary- 
ing slightly  with  the  latitude)  and  also  the  distance  between  meridians 
on  any  parallel  of  latitude.  A  straight  vertical  line  at  the  center  may 
indicate  the  even  degree  meridian  which  passes  approximately  through 
the  center  of  the  map  to  be  plotted.  On  this  line  lay  off  distances  at 
the  proper  scale  which  will  represent  the  distances  between  the  par- 
allels of  latitude  included  within  the  map.  On  two  of  these  parallels, 
which  are  approximately  at  one-fourth  the  distance  from  the  top  and 
bottom,  lay  off  distances  from  the  central  meridian,  which  represent, 
according  to  Table  II,  the  positions  of  even  degree  meridians  at  so 
many  degrees  each  side  of  the  center.  Connecting  the  corresponding 
points  on  these  two  parallels  we  have  a  series  of  trapezoids,  each  of 
\\hich  have  parallel  lines  for  top  and  bottom  and  a  pair  of  converging 
lines  for  the  sides.  When  the  scale  is  such  that  the  angular  distance 
of  any  point  from  the  center  of  the  map  is  but  a  few  degrees  measured 
in  latitude  or  longitude,  then  this  method  might  be  tolerated,  although 
the  errors  at  the  outer  edges  of  the  map  would  be  considerable.  When 
the  map  includes  many  degrees  of  latitude  and  longitude,  then  the 
errors  become  intolerable. 

Simple  Conic  Projection.  A  cone  is  readily  developable  and  its 
development  is  a  sector  of  a  circle  whose  radius  is  the  slant  height  of 
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the  cone.   If  we  consider  a  cone  to  envelop  a  sphere  so  that  il 
in  the  pole  of  the  sphere  and  is  tangent  to  the  sphere  at  some  j. 

of  latitude,  which  is  purposely  chosen  as  the  middle  parallel  o* 

desired  map,  then  if  points  on  the  surface  of  the  sphere  are  projected 
on  to  the  surface  of  the  cone  and  the  cone  is  then  developed,  we  will 
have  a  representation  of  the  surface  of  the  earth  with  comparatively 
little  distortion,  especially  when  the  angular  distance  measured  in 
degrees  of  latitude  from  the  middle  parallel  is  very  small.  Fig.  12 
illustrates  this  method  on  a  very  small  scale,  but  it  also  shows  that 
when  the  angular  range  of  the  map  is  very  large  the  distortion  on  the 
outer  edges  of  the  map  is  very  considerable.  The  distance  between 
parallels  45°  and  60°  is  very  perceptibly  less  than  that  between  0°  and 
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Fig    11      Development  of 


15°.  A  very  obvious  modification  of  the  method  is  to  space  the  par- 
allels at  their  true  distance  apart.  To  apply  this  method  lay  off  as 
before  a  vertical  line  \\hich  represents  an  e\en  degree  meridian  pasMiig 
approximately  through  the  center  of  the  map.  On  thK  meridian  lay 
off,  as  before,  points  which  represent  the  distance^  between  cunsecu- 
ti\e  parallels  of  latitude.  From  Table  II  A\e  may  take  the  length  of 
the  slant  height  of  such  a  tangent  cone,  which  is  tangent  at  the  middle 
parallel  of  the  map;  >pacing  off  distances  on  this  central  meridian  we 
determine  the  position  of  the  apex  of  the  cone  of  development.  We 
may  then  draw  through  the  points  on  this  meridian,  which  represent 
the  various  positions  of  the  parallels,  arcs  of  circles  which  will  repre- 
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may  plot  the  position  of  the  various  meridians  included  in  the  map  and 
through  these  points  we  may  draw  radial  lines  in  the  direction  of  the 
apex  of  the  developable  cone.  Points  in  the  immediate  neighborhood 
of  the  middle  parallel  are  correctly  plotted.  Points  which  are  further 
away  from  the  middle  parallel,  either  above  or  below,  are  more  and 
more  inaccurate;  but  this  method  will  answer  for  plotting  of  areas  of 
several  hundred  miles.  One  very  practical  difficulty,  which  is  almost 
insuperable  unless  the  scale  of  the  map  is  very  small,  is  that  the  slant 
height  of  the  developable  cone  is  too  large  and  the  apex  of  the  cone 
is  really  inaccessible.  For  example,  at  latitude  40°  the  length  of  the 
side  of  the  tangent  cone  is  4730  miles.  Even  if  we  adopt  a  scale  of 
1  -s-  125000,  which  is  approximately  two  miles  to  the  inch,  the  length 


Pig.  12.     Simple  Conic  Projections. 

of  the  radius  to  bo  used  in  developing  tlii.s  cone  would  bo  4730  -:-  2  — 
2365  inches  =  197  feet.  It  then  becomes  impracticable  to  use  this 
method  except  by  adopting  a  method  of  "  co-ordinal  es"  which  will 
be  described  later. 

Simple  Conic  Modified.  The  simple  conic  is  totally  outside  of 
the  sphere,  except  at  the  circle  of  tangenoy.  The  map  is  therefore 
always  larger  than  the  true  area.  A  simple  modification  is  to  lay  oil' 
on  two  developed  parallels  situated  at  one-fourth  of  the  height  of  the 
map  from  top  and  bottom  the  true  distai>?e  between  meridians.  The 
meridians  are  then  drawn  as  straight  lines  through  these  points  of 
division.  This  is  virtually  the  equivalent  of  the  development  of  a 
cone  which  intersects  the  sphere  between  the  two  selected  parallels, 
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the  cone  being  inside  the  sphere  between  the  parallels  and  outside  of 
the  sphere  above  and  below  them.  That  part  of  the  map  which  lies 
between  the  two  parallels  will  be  slightly  too  small  and  that  above 
and  l>elow  will  be  slightly  too  large,  but  in  no  case  will  the  variation 
be  as  large  as  in  the  case  of  a  simple  conic.  A  still  further  modifica- 
tion is  to  lay  off  on  each  parallel  the  proper  distance  between  meridians 
for  that  latitude,  but  the  parallels  are  developed  as  arcs  of  concentric 
circles.  Each  of  these  successive  meth- 
ods is  a  little  more  accurate  than  the 
previous  method,  but  unless  the  scale  of 
the  map  is  such  that  it  is  practicable  to 
draw  the  developed  parallels  directly  as 
arcs  of  circles  and  without  the  use  of  co- 
oidinates,  it  is  just  as  simple,  as  well  as 
being  much  more  accurate,  to  employ  the 
following  method,  which  is  the  method 
used  by  the  United  States  Coast  and 
Geodetic  Survey,  as  well  as  by  all  other 

gCO    eSIS  S.  ^  Fig   13      Simple  conk'-Modiaed. 

Polyconic  Projection.  Let  us  con- 
sider a  sphere  with  parallels  of  latitude  and  meridians  diawn  over 
it  and  then  assume  that  the  sphere  is  covered  with  a  series  of  cones 
whose  vertices  are  all  in  the  pole  of  the  sphere,  each  cone  being 
tangent  to  the  sphere  along  one  of  ihe  parallels  of  latitude.  If  we 
then  develop  these  cones,  the  line  of  tangency  of  each  cone  will 
develop  as  the  arc  of  a  circle  whose  radius  is  the  slant  height  of 
the  cone,  and  the  intersection  of  the  tangent  parallel  \\itli  each 
meridian  may  be  plotted  on  this  circle  in  its  true  position.  By 
drawing  a  vertical  center  line  we  may  lay  off  on  it  the  true  dis- 
tance between  the  desired  parallels  of  latitude;  then,  la\ing  off  on 
that  vertical  center  line  from  the  position  of  each  parallel,  a  line 
equal  to  the  .slant  height  of  the  corresponding  tangent  cone,  we 
may  draw  arcs  \\hich  will  repiesent  the  development  of  each 
parallel  of  latitude.  To  illustrate  the  principle  imolved  this  lias 
been  done  on  an  exceedingly  small  scale  arid  by  lines  which  represent 
the  development  of  many  degrees  of  both  latitude  and  longitude  in 
Fig.  14,  but  this  method  is  particularly  used  for  the  plotting  of  maps 
on  f\  romnnrfltivplv  lamp  srnlp  in  which  HIP  Ipno-th  of  flip  rndiiK  of 
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the  developing  cones  (at  the  scale  adopted)  would  be  impracticably 
large.  It  therefore  becomes  necessary  to  plot  these  curves  by  the 
method  of  co-ordinates,  which  must  necessarily  be  computed  and 
arranged  in  a  tabular  form  for  use.  It  then  becomes  just  as  easy 
to  use  co-ordinates  which  are  computed  with  reference  to  the  true 
form  of  the  earth  rather  than  those  computed  for  a  sphere.  In  Table 
II  is  given  for  various  latitudes  the  length  in  statute  miles  of  1°  of 
lat itude,  the  length  of  1°  of  longitude,  the  length  of  the  side  of  the  tan- 
gent cone,  the  distance  from  the  center  meridian  of  1°,  2°,  3°,  4°  and  5° 
of  longitude,  and  also  the  vertical  ordinate  for  each  one  of  these  points 


Fig.  14      Principle  of  Polyc-omc  PiNvjection 

above  a  horizontal  tangent  line.  The  method  of  drawing  one  of 
these  maps  may  be  most  easily  described  by  a  concrete  example,  as 
follows:  First.  Draw  a  vertical  line  to  represent  some  even-degree 
meridian  of  longitude  which  is  as  near  as  may  be  at  the  center  of  the 
map.  Having  selected  the  scale,  space  off  on  this  vertical  line  the 
positions  for  as  many  parallels  of  latitude  as  it  is  desired  to  represent. 
The  length  of  1°  of  latitude  measured  on  a  meridian  for  various  lati- 
tudes in  statute  miles  is  given  in  the  accompanying  table.  For  ex- 
ample: suppose  that  the  scale  of  the  map  is  to  be  T^Vo-o-  This  is 
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approximately  equal  to  a  scale  of  two  miles  per  inch.  At  latitude  40° 
the  length  of  1°  of  latitude  in  statute  miles,  as  taken  from  the  table, 
is  68.993.  Multiplying  this  by  63360  we  have  4371396  inches,  which 
is  the  length  of  1°  at  40°  latitude,  or  which  is  the  length  between  39°  307 
and  40°  30'.  Dividing  this  by  125000  we  have  34.97  inches,  which 
will  be  the  distance  to  be  scaled  on  the  vertical  line  between  two  marks, 
which  should  represent  the  parallels  39°  30'  and  40°  30'.  Dividing 
this  space  in  half  we  have  the  position  for  40°  latitude  and  any  other 
desired  parallels  may  be  interpolated  accordingly.  This  is,  of  course, 
on  the  assumption  that  40°  is  the  mean  latitude.  Second.  From 
each  point  on  the  center  line  through  which  a  parallel  is  to  pass,  draw 
a  horizontal  line.  Assume  that  we  wish  to  lay  off  meridian  lines  at 
intervals  of  0°  15'  of  longitude.  The  accompanying  table,  which 
has  been  compiled  from  the  more  extensive  table  of  the  United  States 
Coast  and  Geodetic  Survey,  published  in  their  report  for  1884,  gives 
the  co-ordinates  of  points  which  are  from  0°  15'  to  3°  east  or  west 
from  the  center  meridian  of  the  map  for  all  latitudes  between  25° 
and  50°.  These  co-ordinates  are  given  in  meters  since  this  is  the 
universal  unit  of  measure  in  high  grade  geodetic  work,  but  these 
co-ordinates  can  be  readily  transferred  into  other  units  on  the  basis 
that  one  meter  =  3.2S09  feet  =  39.3704  inches.  Although  the 
accompanying  table  is  amply  accurate  for  much  of  the  work  that  an 
engineer  may  have  to  plot,  the  more  extensive  tables  of  the  Coast 
Survey  should  be  utilized  for  the  highest  grade  of  work.  Since  1 
meter  =  30.3704  inches,  when  we  are  working  on  a  *c-ale  of  1  ~-  125- 
000  each  meter  would  scale  .000314%  inches  or  10000  meters  ^ 
3.1496  inches.  For  our  present  purpose  we  may  call  this  3.15  inches. 
According  to  our  table  the  distance  out  from  the  center  for  0°  1,  at 
latitude  40°  is  2134<)  meters,  which  at  3.15  inches  per  !()()()( )  meters 
gives  0.72.  Similarly  we  can  reduce  to  inches  the  ordinatcs  for  (P  30', 
0°  45'  and  1°.  The  distance  out  for  1°  15'  can  he  obtained  .sufficiently 
close  by  interpolation  between  the  values  for  1°  and  for  1°3()'.  At  all 
these  points  we  can  erect  short  perpendiculars.  This  should  he  done 
on  both  sides  of  the  vertical  center  line.  The  vertical  ordinates  which 
are  given  in  the  table  may  be  similarly  changed  to  inches.  The  MT- 
tical  ordinate  in  meters  for  1°  from  the  center  is  479  meters,  \\lxich  at 
.00031 5  inches  per  meter  ~  0. 151  inches.  For  2°  the  vertical  ordinate 
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the  vertical  ordinates  increase  as  the  square  of  the  distance  from  the 
meridian.  Therefore  the  ordinates  for  1°  15',  1°  30'  and  1°  45'  will  = 
f-|,  £ |  and  f  |,  respectively,  of  the  unit  height  for  1°,  which  is  0.151 
inches.  For  a  width  in  latitude  of  3°,  each  side  of  the  center,  other 
points  may  be  similarly  obtained.  Having  plotted  these  points  for 
40°  latitude,  we  must  repeat  the  operation  for  each  new  parallel 
required.  The  figures  to  be  used  for  intermediate  parallels  of  latitude 
may  be  obtained  with  more  than  sufficient  accuracy  by  interpolating 
between  the  numbers  given  in  the  tables. 

It  should  be  noticed  that  Fig.  14  was  drawn  mainly  for  the  pur- 
pose of  illustrating  the  general  principles  involved.  It  covers  a  range 
of  45°  each  side  of  the  center  line  and  from  the  equator  to  60°  north 
latitude.  This  is  a  very  extreme  case  and  far  greater  than  would 
ever  be  used  on  any  map  where  close  accuracy  is  a  necessity,  and  yet 
even  in  this  case  the  distortion,  although  it  does  exist,  and  is  an  abso- 
lute necessity,  is  nevertheless  reduced  to  a  minimum  by  this  method. 

Numerical  Example.  Compute  by  derivation  from  Table  II, 
for  the  scale  of  1  -*-  1,000,000  the  values  for  each  intersection  point 
of  parallels  at  intervals  of  0°  15'  and  meridians  at  every  0°  15'  for  3° 
east  and  west  of  the  prime  meridian  and  between  the  latitudes  of  3G° 
and  37°.  Draw  lightly  in  pencil  the  horizontal  lines  and  the  perpen- 
diculars, indicating  in  pencil  the  computed  length  of  the  divisions  of 
the  horizontal  lines  and  the  lengths  of  each  perpendicular,  then  con- 
nect the  corresponding  intersections  with  lines  which  will  represent 
the  parallels  and  meridians.  Draw  to  a  scale  of  1  :  100,000. 

22.  Three  Point  Problem.  Economy  in  field  work  is  frequently 
served  by  employing  \diat  is  known  as  the  u three  point  problem"  to 
accomplish  certain  results.  For  example,  the  location  of  points  at 
which  M.nnulings  are  taken  in  any  body  of  water  require  the  employ- 
ment of  several  extra  men  \\ith  instruments  if  it  is  clone  by  the  method 
which  is  perhaps  simplest  to  plot,  namely,  to  have  men  and  instru- 
ments on  certain  located  points  on  shore  where  observations  iire 
taken  at  the  time  of  making  each  soundip^.  This  may  be  obviated 
by  uMng  t\\o  sextants  or  even  a  double  sextant,  which  is  used  by  a 
man  on  the  sounding  boat.  Observations  by  the  boat  observer  are 
taken  on  three  shore  signals,  and  the  two  angles  between  each  outer 
signal  and  the  middle  signal  are  measured.  With  an  instrument 
known  as  a  double  sextant,  one  skillful  observer  can  simultaneously 
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Fig.  15.    Three-Points  Problem. 


set  his  sextant  to  take  both  readings.  This  method  keeps  all  members 
of  the  party  together.  No  signaling  between  those  in  the  boat  and 
instrument  men  on  shore  is  necessary  and  the  economy  of  time  and 
men  is  considerable,  although  it  requires  special  instruments  to 
take  the  observations  and  a  special 
instrument  later  on  to  plot  the  work. 
Unfortunately  even  this  solution  has 
its  limitations.  If  the  circle  which 
passes  through  the  three  fixed  points 
also  passes  through  the  point  to  be  lo- 
cated, then  the  solution  is  indeter- 
minable, and  if  the  point  to  be  deter- 
mined lies  near  the  circumference  of 
that  circle,  the  solution,  although  theo- 
retically determinate,  is  subject  to  great 
inaccuracy.  Nevertheless,  with  suitable 
care  this  limiting  condition  may  be  avoided  and  the  accuracy  under 
usual  conditions  is  as  great  as  is  necessary.  The  same  fundamen- 
tal principle  is  employed  in  plane  table  surveying  when  it  is  desired 
to  set  up  a  plane  table  at  some  station  which  has  not  been  previ- 
ously plotted  on  the  map,  and  to  determine  directly  its  location  by 

an  observation  on  three  stations 
which  have  already  been  plot- 
ted. The  fundamental  prin- 
ciple of  the  work  is  illustrated 
in  Figure  IT)  and  depends  on  the 
geometrical  proposition  that, 
except  for  a  point  located  on  the 
circumference  a  I  c,  there  is  but 
one  position,  .r,  from  which  the 
linetf  drawn  forming  the  angles 
a  x  b  and  b  .r  c  will  ecjiial  any 
two  given  values.  An  inspec- 
tion of  the  figure  will  show  that 

if  x'  were  located  in  the  circumference,  then  the  angles  a  or'  b  and 
b  x"  c  would  be  the  same  for  any  location  of  xf  in  that  circumference. 
If  x  represents,  for  example,  the  location  of  a  boat  from  which  the 
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it  is  only  necessary,  in  order  to  plot  the  position  of  x,  to  have  three 
lines  which  make  the  given  angles  with  each  other  and  find  by  trial 
such  a  position  for  x  that  three  such  lines  will  simultaneously  pass 
through  the  three  points.  These  three  lines  may  be  the  three  arms 
of  a  "three-armed  protractor"  (see  Fig.  21)  or  they  may  be  three 
lines  which  make  the  given  angles  and  which  are  drawn  on  a  piece 
of  tracing  paper,  which  is  used  as  described  below.  Of  course,  very- 
skillful  work  is  required  to  avoid  inaccuracy,  but  in  skilled  hands 
the  method  is  economical  and  sufficiently  accurate  for  practical  use. 

In  plane  table  work  the  problem  may  be  solved  similarly.  The 
plane  table  may  be  set  up  over  the  station  whose  location  is  required. 
A  piece  of  tracing  paper  may  be  placed  over  the  regular  drawing  and 
three  lines  may  be  drawn  to  the  three  known  and  plotted  stations. 
These  lines  will  evidently  make  the  proper  angles  with  each  other. 
It  is  then  only  necessary  to  move  this  tracing  paper  to  some  position, 
such  that  the  lines  will  simultaneously  pass  through  the  three  points 
and  then  prick  through  the  tracing  paper  the  location  of  the  desired 
point. 

x\nother  method  of  solving  the  same  problem  with  the  plane  table 
is  that  known  as  Bessel's  solution,  which  is  illustrated  in  Fig.  17. 
The  explanation  of  this  method  is  far  more  difficult  than  the  mere 
work  of  doing  it,  which  may  be  readily  learned.  The  reasoning  may 
Le  best  followed  by  considering  a  case  which  has  already  been  worked 
out — see  Fig,  17.  a,  b  and  c  are  points  already  plotted  on  the  map. 
d  is  a  point  whose  real  location  is  at  first  unknown,  e  is  a  "construc- 
tion" point,  which  is  also  unknown.  The  method  of  procedure  will 
be  first  stated  as  follows: 

The  instrument  is  set  up  over  the  point  D  in  the  field.  A,  B,  C 
and  D  lefer  to  the  actual  station  positions.  (1)  The  alidade  is 
then  .set  on  the  line  c  a  and  the  whole  table  is  then  revolved  until  the 
instrument  sights  at  J,  when  it  is  clamped.  (2)  The  alidade  is  then 
plaml  with  its  edge  on  c  and  so  that  it  sights  at  the  point  D.  Draw- 
ing i\  line,  we  will  have  the  line  c  c.  (3)  The  alidade  is  set  on  the 
line  a  c  and  the  table  is  then  loosened  and  turned  until  the  telescope 
points  at  C.  (A)  Move  the  alidade  so  that  the  edge  passes  through 
a  and  again  points  at  7?  and  draw  a  line.  This  line  a  c  drawn  from 
a  intersects  the  line  drawn  from  c  in  the  point  e.  (5)  Connect  b 
and  c.  The  required  point  d  is  somewhere  on  the  line  b  e — or  on  b  e 
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produced.  By  placing  the  alidade  on  the  line  I  e  and  turning  the 
whole  table  until  it  points  at  station  B,  the  table  is  properly  oriented. 
The  student  should  note  that  the  location  of  point  d  is  still  unknown, 
but  when  the  table  is  properly  oriented,  it  is  only  necessary  to  place 


Fig.  17      Hessel  s  Solution  of  Three-Point  Problem 

the  alidade  with  its  edge  on  the  point  a  and  so  that  it  sights  at  station 
A.  A  line  drawn  along  the  alidade  will  intersect  the  line  b  c  at  the 
required  point  d.  As  a  check  we  may  turn  the  alidade  so  that  its 
edge  is  on  the  point  c  and  so  that  the  telescope  poinS  at  station  C. 
The  edge  of  the  alidade  should  again  pass  through  the  point  d\  the 
precision  \\ith  which  it  does  so  forms  a  valuable  check  on  the  accuracy 
of  the  work  done. 

Explanation.  First  step:  alidade  on  c  a,  sighting  at  A.  Since 
the  instrument  is  at  D,  the  proper  direction  of  the  alidade  \\hrn 
.sighting  to\\ard  .1  should  be  d  a  and  would  be  so  if  the  table  \UMV 
properly  oriented.  Therefore  the  orientation  is  in  error  by  the  angle 
a  to  the  rigid.  Second  step:  the  line  c  c,  which  should  June  the 
direction  c  c',  makes  the  angle  a  with  c  c'.  In  other  words,  the  line 
d  b  c  makes  the  angle  a  with  c  c.  Third  step:  alidade  on  ac,  sighting 
at  C.  Since  the  instrument  is  at  D,  the  proper  direction  of  the 
alidade  when  sighting  toward  C  should  be  d  c,  and  would  be  so  if  the 
table  were  properly  oriented.  Therefore  the  orientation  is  in  error 
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by  the  angle  y8  to  the  left.  Fourth  step:  the  line  a  e  which  should 
have  the  direction  a  e" ,  makes  the  angle  /3  with  a  e".  In  other  words 
the  line  d  b  e  makes  the  angle  /3  with  e  a.  Fifth  step :  d  lies  somewhere 
on  b  e  or  on  b  e  produced.  Since  the  table  can  be  accurately  oriented 
by  sighting  on  B  with  alidade  on  d  b  e,  the  location  of  d  then  becomes 
easy  as  a  problem  in  "resection"  by  turning  the  alidade  to  sight  at 
either  A  or  C.  The  alidade  will  intersect  d  b  at  d  and  thus  determine 
the  point.  The  student  should  note  that  as  d  approaches  the  circum- 
ference, e  approaches  6,  the  line  b  e  becomes  very  short  and  since  the 
solution  depends  on  drawing  b  e  accurately  in  direction,  it  becomes 
more  and  more  inaccurate  as  d  approaches  the  circumference.  When 
d  is  on  the  circumference,  e  will  coincide  with  b  and  the  solution  is 
indeterminate.  It  should  also  be  noted  that  d  and  e  are  interchange- 
able— i.e.,  if  e  were  the  unknown  point,  then  d,  determined  by  the 
intersection  of  ad  and  c  d}  would  be  the  point  which,  when  joined  with 

b,  would  give  the  line  on  which  the  true  point  e  would  be  located,     e 
would  then  be  determined  by  resection  from  a  or  c. 

This  method  has  the  theoretical  inaccuracy  of  assuming  that 
lines  drawn  from  various  points  of  the  map  toward  a  distant  station 
are  parallel.  When  the  scale  is  very  large  the  error  might  be  appre- 
ciable with  the  most  careful  work,  but  ordinarily  it  is  impossible  to 
do  plane  table  work  with  sufficient  exactness  to  detect  an  error  due 
to  this  cause.  The  advantage  of  this  method  over  the  tracing  paper 
method  is  that  although  it  requires  the  drawing  on  the  paper  of  the 
lines  ac,be,  and  c  c,  which  are  otherwise  useless,  it  does  not  necessi- 
tate the  use  of  tracing  paper  which  might  prove  inaccurate  on  account 
of  slipping.  When  it  is  found  that  the  unknown  point  d  is  nearly,  if 
not  exactly,  on  the  circumference  of  a  circle  passing  through  <7,  b  and 

c,  then  some  other  station  should  be  substituted  for  a,  b  or  r,  and 
ordinarily  this  will  permit  the  problem  to  be  solved  with  sufficient 
accuracy. 

23,  Topographical  Signs.  There  is  a  very  great  advantage 
in  employing  colors  to  represent  the  topographical  signs,  but  if  a 
map  is  being  prepared  for  reproduction  it  is  impracticable  to  use 
colors  unless  it  is  designed  to  make  several  impressions,  one  in  each 
of  the  various  colors,  which  makes  a  very  expensive  map.  The  sys- 
tems of  topographical  signs  must  therefore  be  based  very  largely  on 
whether  colors  are  to  be  used  or  whether  the  whole  map  must  be  in 
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black.  When  one  individual  map  is  being  made,  it  is  almost  as  easy 
to  employ  colored  inks,  and  this  should  certainly  be  done  if  the  map 
is  designed  to  represent  considerable  variety  of  detail.  Contour 
lines  are  usually  drawn  with  "burnt  sienna,"  a  yellowish-brown  color 
which  is  not  so  very  unlike  that  of  clay  and  which  is  quite  suggestive. 
In  spite  of  the  added  expense,  the  United  States  Geological  Survey 
maps  have  all  contours  printed  in  a  similar  color.  Similarly  water 
lines  are  usually  represented  with  blue  lines  if  color  is  employed. 
The  United  States  Geological  Survey  maps  represent  the  shores  of 
all  lakes,  rivers,  etc.,  with  blue  lines.  Even  the  smallest  streams 
which  are  represented  on  the  map  are  drawn  in  blue  even  though  it 
is  but  a  single  line,  and  swampy  districts  are  represented  by  a  suitable 
topographical  sign,  which  is  also  drawn  in  blue.  This  practice  per- 
mits an  instant  recognition  of  the  character  of  the  sign  and  prevents 
any  possible  confusion  of  mistaking  a  stream  line  for  a  contour  line. 
Artificial  features  of  the  topography  are  represented  in  black.  By 
artificial  features  are  meant  anything  in  the  nature  of  constructions 
such  as  buildings,  railroads,  dams,  property  lines  or  political  boun- 
daries, etc.  As  stated  previously  under  "scale  of  map,"  judgment 
should  be  shown  whether  to  endeavor  to  represent  the  actual  form 
of  buildings  to  their  proper  scale.  On  the  United  States  Geological 
Survey  maps  individual  dwelling  houses  arc  usually  represented  by 
a  minute  square  of  black  even  when  the  scale  of  the  map  is  as  .small 
as  one  mile  to  the  inch  (approximately).  Since  the  map**  are  drawn 
very  finely  and  the  squares  are  perhaps  not  more  than  -j  *  ,-7  of  an  inch 
square,  they  do  not  necessarily  indicate  much,  if  am,  exaggeration. 
Of  course,  at  such  scale  no  attempt  is  made  to  give  the  exact  form  of 
the  building.  The  well  known  representation  of  a  railroad  1>\  a  sin- 
gle heavy  line  crossed  at  frequent  intenals  \\ith  CTO.SS  lines  as  if  in 
imitation  of  cross  ties  is  always  recognizable.  When  the  scale  is 
sufficiently  large,  say  1UU  feet  to  the  inch,  even  the  two  rails  may  he 
indicated  by  a  double  line  rather  than  a  single  line.  IIigli\\a\s  a:v 
indicated  bj  double  lines  which  should  be  spaced  at  approximately 
their  proper  width.  Since  a  neat  appearance  absolutely  requires  that 
these  lines  should  be  evenly  spaced  and  exactly  parallel,  it  is  prefer- 
able to  draw  these  lines  with  what  is  called  a  "road  pen/'  which  con- 
sists of  two  ruling  pens  whose  distance  apart  can  be  regulated  with 
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.rapidly  drkwn  in  so  that  both  lines  will  not  only  be  uniform,  but  are 
exactly  the  same  distance  apart  at  every  point. 

Some  instruction  books  have  been  published  with  very  elaborate 
systems  of  topographical  signs  to  represent  by  distinctive  signs  every 
conceivable  fcrm  of  vegetation  and  also  to  denote  the  character  of 
different  kinds  of  factories,  mines  and  other  structures.  In  several 
cases  where  a  map  is  made  for  the  distinctive  purpose  of  denoting  the 
location  of  the  various  features  which  pertain  to  some  special  industry, 
these  special  topographical  signs  may  be  justifiable,  but  their  signifi- 
cance should  invariably  be  indicated  by  a  suitable  legend  inscribed 
on  some  part  of  the  map.  Although  every  surveyor  should  know 
the  significance  of  the  topographical  signs  which  are  used  to  indicate 
the  common  features  which  are  generally  found  on  every  map,  it  is 
useless  to  expect  that  the  special  and  little  used  topographical  signs 
will  be  familiar  to  all  engineers.  Plates  I  and  II  show  the  signs 
which  have  been  adopted  by  government  use  and  which  therefore 
may  be  considered  as  standard.  No  others  should  be  placed  on  a 
map  without  some  lettering  on  the  map  to  indicate  their  character, 
especially  as  there  is  some  confusion  regarding  the  method  of  indi- 
cating some  of  the  more  uncommon  topographical  features. 

24.  Lettering.  Many  a  map  which  is  otherwise  good  is 
spoiled  by  poor  lettering.  Part  III  of  Mechanical  Drawing  contains 
a  treatise  on  lettering,  and  therefore  such  instruction  will  not  be 
repeated  here,  since  this  course  forms  a  part  of  every  engineering 
course.  In  general  it  should  be  said  that  the  style  of  lettering  adopted 
should  be  simple  and  as  plain  as  possible.  No  fancy  lettering  should 
be  used  except  perhaps  in  the  title,  and  even  here  some  forms  of  fancy 
lettering  are  not  only  in  bad  taste  but  are  a  useless  waste  of  time  and 
skill.  The  illustrations  of  government  maps  herewith  given  should 
be  particularly  studied  with  reference  to  the  style  of  lettering  used 
for  different  topographical  features.  Where  much  lettering  is  neces- 
sary (for  example,  to  indicate  the  location  of  numerous  towns  on  a 
small  scale  map)  the  simplest  form  of  line  lettering  is  preferable. 
When  possible  all  lettering  should  run  horizontal  with  the  base  of 
the  map,  except  the  lettering  to  indicate  the  name  of  streams,  rail- 
roads, etc.,  which  should  follow  their  course.  The  spacing  between 
letters  used  to  indicate  the  names  of  streams  and  railroads  should 
likewise  be  strung  out  to  cover  a  considerable  part  of  the  length  of 
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the  stream  or  railroad  unless  that  spacing  would  be  so  great  as  to 
make  it  difficult  to  follow  the  continuity  of  the  letters.  The  Roman 
style  of  lettering  is  usually  adopted  on  government  work,  because  it 
is  the  best  in  spite  of  its  being  the  most  difficult  style  to  make  so  that 
it  looks  well.  The  student  should  cultivate  the  ability  to  make  let- 
tering in  this  style.  A  simple  form  of  line  lettering  is  infinitely 
preferable  to  an  attempt  at  fancy  lettering,  and  the  draftsman  must 
not  consider  that  he  is  qualified  to  do  lettering  until  he  can  make  good 
letters  at  least  in  this  simple  form. 

25.  Border  Line.     A  simple  border  line  which  consists  of  a 
single  heavy  line  of  uniform  width  will  add  considerably  to  the  neat- 
ness of  a  map,  and  it  should  usually  be  made.     When  it  is  specially 
desired  to  attract  the  eye  of  non-technical  people,  as  in  the  case  of 
real  estate  maps,  which  are  made  to  look  as  attractive  as  possible  to 
catch  the  eye  of  a  possible  purchaser,  a  very  elaborate  border  line 
may  be  justifiable,  but  otherwise  it  must  be  considered  as  a  waste  of 
time  and  skill,  and  even  an  evidence  of  bad  taste.     It  sometimes  hap- 
pens that  a  farmer  will  think  a  great  deal  more  of  the  map  of  his  farm 
if  it  is  surrounded  by  an  elaborately  executed  border  line,  and  since 
it  is  policy  to  sell  to  a  man  what  he  wants  and  is  willing  to  pay  for,  it 
would  be  justifiable  in  such  cases  to  consult  a  book  on  lettering, 
which  usually  contains  various  specimens  of  border  lines,  meridian 
marks,  etc.,  which  will  set  off  a  map  and  make  it  look  very  pretty 
even  though  it  does  not  add  one  whit  to  its  real  value.     The  sheets 
issued  by  the  United  States  Geological  Survey  have  no  bonier  line, 
and  even  the  large  sheets  issued  by  the  United  States  Coa^t  and 
Geodetic  Survey  have  border  lines  which  are  simple  ami  dignified  in 
character. 

26.  Drawing  Paper.     Considering    that    the    work    on    very 
large  maps  is  very  great  and  sometimes  ret  mires  a  very  high  grade  of 
labor  for  weeks  and  even  months,  which  means  that  the  map  repre- 
sents an  expenditure  of  labor  worth   several   hundred    dollars,  it  i^ 
folly  to  lessen  the  value  of  the  map  by  using  a  cheap  grade  of  po^xT. 
A  good  cmality  of  drawing  paper  should  be  quite  .smooth  and  \et  of 
such  a  texture  that  pencil  lines  and  even  light  ink  lines  can  be  erased 
from  it  without  necessarily  destroying  the  surface  of  the  paper.     For 
some  kinds  of  work  where  but  very  little  penciling  is  required  and  such 
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may  be  desirable  to  use  Bristol  board,  since  its  surface  is  very  smooth 
and,  with  very  fine  pens,  work  may  be  done  which  is  almost  equal 
to  engraving,  but  Bristol  board  becomes  roughened  when  it  is  rubbed, 
and  therefore  it  should  not  be  used  when  many  construction  lines  are 
necessary  which  need  to  be  more  or  less  erased.     "Hot  pressed" 
Whatman's  paper  is  the  best  for  map  work,  since  it  is  smoothest  and 
it  can  be  obtained  in  large  sheets.    When  it  is  necessary  to  make  very 
large  maps  (four  feet  square  or  over)  it  is  advisable  to  have  the  paper 
"mounted"  on  linen.    This  becomes  almost  necessary  on  account 
of  its  greater  durability,  for  a  large  sheet  would  be  more  apt  to  be 
torn.    Manufacturers  of  drawing  paper  make  these  large  sheets  by 
pasting  smaller  sheets  together  on  the  mounting  of  linen,  the  joints 
being  beveled  and  carefully  rubbed  down  so  that  they  are  practically 
invisible  and  do  not  give  the  roughness  that  would  ordinarily  be  found 
with  an  ordinary  lap  joint.    Since  such  work  is  done  so  much  better 
by  the  manufacturers,  it  is  usually  preferable  to  leave  such  work 
in  their  hands.     When  it  is  absolutely  essential  for  one  to  do  his  own 
paper  mounting,  it  may  be  done  as  follows:    Stretch  the  cloth  on  a 
drawing  board,  if  a  sufficiently  large  one  can  be  found,  or  even  on  a 
smooth  floor,  and  tack  it  down  on  all  sides,  stretching  it  as  much  as 
possible,  so  that  it  is  perfectly  smooth.     Trim  the  edges  of  the  sheets 
of  paper  (say  four)  which  are  to  be  joined  together,  and  with  a  rubber 
grind  down  the  edges  which  are  to  form  the  joint  until  they  get  liter- 
ally to  a  feather  edge.    Cover  each  sheet  thoroughly  with  paste  and 
then  spread  it  on  the  cloth  as  smoothly  as  is  possible  in  its  puckered 
condition,  taking  special  care  that  the  edges  of  the  sheets  overlap 
properly  and  that  a  perfectly  smooth  joint  is  made.     Sometimes  a 
\varm  flat  iron  may  be  successfully  used  while  the  paper  is  drying  to 
smooth  out  any  wrinkles  that  have  formed.     By  watching  the  paper 
during  the  process  of  drying  and  carefully  smoothing  out  wrinkles 
until  all  have  disappeared,  and  then  leaving  the  paper  for  at  least 
twenty-four  hours  until  it  is  perfectly  dry,  it  will  usually  be  found 
that  the  sheet  will  be  perfectly  smooth  when  it  has  dried.     Only  the 
best  quality  of  paper  should  be  used  for  such  a  purpose. 

DRAWING    INSTRUMENTS. 

The  chief  drawing  instruments  required  for  topographical  work 
are  very  few  and  simple.     A  protractor,  a  scale  and  a  straight  edge, 
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with  pens  and  pencils,  almost  comprise  the  list — except  a  few  instru- 
ments which  are  used  for  special  purposes. 

27.  Protractor.  The  choice  of  a  protractor  has  already  been 
discussed  and  it  was  pointed  out  that  the  very  small  metal  protractor 
frequently  included  with  a  set  of  drawing  instruments  is  almost  use- 
less for  any  practical  purpose.  It  is  so  small  that  it  is  impossible 
to  use  it  with  any  degree  of  accuracy.  Celluloid  or  "xylonite"  pro- 
tractors with  a  diameter  of  6  inches  are  very  useful  for  plotting  topog- 
raphy when  the  scale  of  the  map  is  such  that  the  length  of  the  lines 
plotted  is  not  more  than  5  or  6  inches,  or  say  twice  the  radius. 
Paper  protractors,  14  inches  in  diameter,  printed  on  Bristol  board, 
which  can  be  bought  for  40  cents,  are  much  more  useful,  and  with 
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reasonable  care  will  lust  long  enough  to  fully  pay  for  their  cost 
Colby's  protractor  ha.s  the  advantage  that  it  can  be  pernumenth 
fixed  on  the  paper  by  means  of  weights  resting  on  the  ears  that  pro- 
ject from  the  circle  and  a  very  large  number  of  points  may  l>e  plotted 
from  one  station  without  the  wearisome  endeavor  to  hold  an  ordinal  , 
protractor  continuously  in  a  fixed  place.  Additional  scales  can  Un- 
attached to  the  central  rotating  plane  so  that  any  point  can  be  imme- 
diately plotted  at  its  proper  distance  from  the  center  unless  it  bap- 
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The  instruments  cost  about  $60  with  $3.50  extra  for  extra  scales. 
Metal  protractors  of  the  Crozet  type  have  the  very  great  ad- 
vantage that  they  can  be  used  in  connection  with  a  T-square  and 
do  not  need  to  be  centered  over  the  station  point.  After  setting 
the  protractor  at  the  proper  angle,  it  is  only  necessary  to  slip  it 
along  the  T-square  or  along  the  fixed  straight  edge,  which  has 
been  properly  clamped  on  the  board,  and  when  any  point  of  the 
fiducial  edge  of  the  protractor  reaches  the  given  station,  a  line  may 
be  drawn  through  the  station  at  the  desired  angle.  Some  of  these 
protractors  are  made  with  vernier  and  slow  motion  screws,  so 
that  they  will  read  single  minutes  of  arc,  but  it  requires  a  degree 
of  accuracy  in  the  drafting  work,  which  is  seldom,  if  ever,  attained 


Fig   19.    The  Crozet  Protractor. 


to  draw  the  lines  as  accurately  as  this  implies.  Such  a  protractor 
costs  about  §40.  The  Darling,  Brown  and  Sharpe  protractor  works 
on  the  same  fundamental  principles  as  the  Crozet  protractor;  it 
has  a  vernier  reading  to  5  minutes  of  arc  and  costs  only  $0.50.  It 
is  practically  as  useful  and  as  accurate  as  the  more  expensive  forms. 
28.  Scales.  Usually  "decimal"  scales  are  used  for  plotting 
topographical  work,  since  the  maps  are  frequently  drawn  on  a  scale 
of  100  feet,  200  feet,  400  feet,  or  500  feet  per  inch.  Therefore  a  "tri- 
angular" decimal  scale  with  its  six  scales  graduated  to  10,  20,  30,  40, 
50  and  GO  parts  per  inch  is  in  general  the  most  useful  for  that  purpose. 
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Even  if  dimensions  are  scaled  off  in  hundredths  of  an  inch,  the  sim- 
plest plan  is  to  use  the  "50"  scale  in  which  each  division  means  -fa  = 
.02  inch.  When  maps  are  drawn  to  some  special  scale,  as  for  example, 
1:  125000,  or  1 :  62500,  it  will  facilitate  the  work  (and  it  will  be  justi- 
fiable) to  construct  special  scales  which  will  permit  the  distance  in  feet 
as  measured  in  the  field  to  be  scaled  off  directly  on  the  map.  There  is 
a  theoretical  argument  in  favor  of  using  paper  scales,  the  argument 
being  that  the  paper  of  the  map  and  the  paper  scales  will  vary  equally 
with  changes  in  the  hygrometric  conditions  of  the  atmosphere.  But 
it  must  be  considered  that  these  changes  are  very  small  and  almost 


^.  20.    Steel  Protractor. 


insignificant  unless  dampness  of  the  atmosphere  is  so  great  that  the 
paper  of  the  map  becomes  positively  puckered,  and  under  such  con- 
ditions it  is  perhaps  inadvisable  to  attempt  to  do  any  work.  Also 
unless  the  paper  scale  was  made  of  the  same  quality  of  paper  as  the 
map,  which  is  not  very  likely,  the  coefficient  would  not  be  the  ^ame. 
It  is  thus  seen  that  the  advantages  of  using  paper  scales  are  more 
fancied  than  real,  while  their  disadvantages  are  many.  Where  the 
work  to  be  done  is  very  extensive  and  it  must  all  be  done  at  the  ^ame 
scale,  there  is  a  considerable  advantage  in  u.sing  a  "flat"  scale  rather 


t(  ^™r» 


A  i  +  1  /-»  n  o 


46  PLOTTING  AND  TOPOGEAPHY 

scales  of  the  triangular  scale  are  useless  and  a  blunder  is  frequently 
caused  by  inadvertently  using  the  wrong  scale.  Metal  scales  have 
the  advantage  of  extreme  durability  but  the  disadvantage  of  tending 
to  soil  the  paper.  The  boxwood  scales  having  a  natural  wood  color 
are  the  most  common,  but  they  grow  darker  with  age  and  with  hand- 
ling and  the  graduations  become  so  dim  that  it  is  difficult  to  use  them. 
Ivory  scales  are  very  liable  to  warp  and  shrink,  and  although  they 
have  the  advantage  of  distinctness  and  a  neat  appearance,  their  ten- 
dency to  warp  is  a  decided  disadvantage.  Probably  the  best  scales 
are  those  which  are  made  of  boxwood  but  which  have  the  beveled 
edges  covered  with  a  material  which  resembles  ivory,  which  perma- 
nently remains  white,  and  which  does  not  shrink  as  ivory  does. 

29.  Straight-Edge.     It  is  not  a  good  plan  to  use  the  edge  of 
the  scale  as  a  straight-edge.    The  rubbing  of  the  pencil  over  the  edge 
of  the  scale  will  soil  it.    It  is  always  better  to  have  two  triangles,  so 
that  lines  at  right  angles  may  be  readily  drawn  in  as  is  necessary  in 
showing  the  sides  of  buildings.     A  very  long  straight-edge  is  occa- 
sionally necessary.     When  a  very  long  line  is  to  be  drawn  perfectly 
straight  and  no  straight-edge  of  that  length  is  at  hand,  the  line  may 
be  drawn  by  stretching  a  silk  thread  between  the  two  terminal  points 
anil  then  marking,  with  a  pencil,  points  at  such  frequent  intervals 
that  the  small  straight-edge  available  may  span  those  distances.     It 
is  needless  to  say  that  extreme  care  is  absolutely  essential  in  drawing 
a  line  by  this  method.     Even  well-made  straight-edges  may  become 
warped  and  lose  their  straightness.     To  test  a  straight-edge,  carefully 
draw  n  line  \\ith  it  and  reverse  the  straight-edge  end  to  end  and  note 
how  closely  it  coincides  with  the  line  drawn      If  no  error  is  observable, 
ilk1  cdiiy  is  probably  straight,  but  it  is  conceivable  that  a  straight-edge 
illicit  not  he  .straight  and  yet  stand  this  test,  for  the  edge  might  luive 
a  form  somewhat  similar  to  an  S,  that  is,  it  might  be  curved  .symmet- 
rically about  its  center  .so  that  when  reversed  the  ed<re  would  a<>iain 
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coincide  \\ith  the  line  drawn,  but  this  is  a  very  improbable  condition. 

30.  Pens  and  Pencils.     The  lead   used  in  the  pencils  should 
be  of  good  quality  and  should  be  neither  too  hard  nor  too  soft.     A 
very  soft  pencil  will  have  its  point  worn  off  very  rapidly  and  the  lead 
will  smudge  the  paper.     If  the  lead  is  too  hard,  it  requires  so  much 
pressure  on  the  paper  to  produce  a  visible  mark  that  the  paper  is 


PLOTTING  AND  TOPOGRAPHY  47 

actually  indented,  and  if  it  becomes  necessary  to  erase  the  line,  the 
paper  is  indelibly  impressed  with  a  groove  where  the  line  was  drawn. 
It  is  therefore  necessary  that  all  lines  and  marks  should  be  drawn 
with  a  very  light  pressure  of  the  pencil,  which  practically  requires 
that  the  lead  should  be  soft  enough  so  that  even  a  light  pressure  will 


Fig.  21.    Three- Armed  Protractor. 

make  a  mark  that  is  easily  visible.  Although  some  of  the  inking 
work  is  done  with  a  ruling  pen,  the  great  bulk  of  topographical  map- 
ping is  done  with  a  nib  pen.  The  pen  should  be  sharply  pomud, 
so  that  it  is  capable  of  making  a  very  fine  line.  Although  much  of 
Mich  work  is  done  with  "crow  quill"  pens,  a  larger  pen  (bay  (Jillott\ 
Xo  o(Kj)  \\ill  serve  equally  we'"  and  in  some  respects  is  more  useful. 
The  rubber  used  should  be  a  soft  rubber  rather  than  hard,  since  hard 
rubber  will  scratch  the  paper.  A  " sponge  rubber*'  to  clean  the  draw- 
ing when  it  is  finished  is  almost  a  necessity. 

31.     Three-Armed  Protractor.     Among   the    special    drawing 
instruments  which  are  occasionally  needed  is  a  "three-armed  pro- 
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been  observed  on  the  principle  of  the  "three-point  problem."  The 
instrument  consists  essentially  of  a  protractor  having  one  fixed  arm 
and  two  movable  arms  which  may  be  set  at  the  two  given  angles  with 
the  middle  arm.  Then 
when  the  fiducial  edges  bA 

of  these  three  arms  are 
simultaneously  placed  on 
the  three  given  points, 
the  center  of  the  instru- 
ment must  be  located  at 
the  point  which  represents  on  the  map  the  point  from  which  obseiv 
rations  were  taken,  and  this  point  is  pricked  through  the  center 
of  the  instrument.  As  previously  explained,  the  operation  of  this 
instrument  depends  on  the  fundamental  principle  that  (unless  the 
point  to  be  located  happens  to  lie  in  the  circumference  of  the  circle 
which  passes  through  the  three  given  points  sighted  at)  there  is 
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Fig.  22.    Principle  of  Pantograph. 


Fig  23 


only  one  position  from  which  it  is  possible  to  draw  three  lines  which 
make  the  given  angles  with  each  other  through  those  three  points. 
The  angles  are  therefore  laid  off  by  moving  the  two  outer  arms  so 
that  they  make  the  required  angle  with  the  middle  fixed  arm;  then 
\\ith  the  arms  clamped  in  position,  the  whole  instrument  is  shifted 
around  on  the  paper  until  the  fiducial  edges  of  the  rules  simultaneously 
pass  through  the  three  fixed  points.  It  is  needless  to  say  that  great  care 
and  accuracy  is  necessary,  and  especially  so  if  the  point  to  be  deter- 
mined lies  near  the  circumference  of  the  circle  passing  through  the 
three  fixed  points,  for  it  will  be  found  that  a  very  slight  inaccuracy 
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will  cause  a  considerable  variation  in  the  location  of  the  unknown 
point;  or  in  other  words,  there  will  be  a  considerable  area  from  any 
point  of  which  the  three  lines  will  pass 
approximately  through  the  three  fixed  points. 
32.  Pantograph.  The  pantograph  is 
a  very  useful  and  essential  instrument  when 
drawings  are  to  be  re-drawn  on  a  different 
scale.  It  frequently  happens  that  field  draw- 
ings, especially  when  made  with  plane  table, 
are  drawn  to  a  larger  scale  than  is  used  for 
the  final  engraved  maps.  The  principle  of 
the  pantograph  is  as  shown  in  Fig.  22,  where 
F  represents  the  fixed  point,  T  a  tracing 
point  and  P  a  pencil  or  marker.  F,  T  and 
P  must  always  be  in  a  straight  line.  F  c  T 
and  F  b  P  must  always  be  similar  triangles. 
In  this  instrument  they  are  isosceles  trian- 
gles, a  b  c  T  is  always  a  parallelogram. 
The  ratio  P  F :  T  F  is  the  ratio  of  en- 
largement. To  reduce,  transpose  P  and 
T;  i.e.,  the  marker  will  be  placed  at  T  p  \ 
and  the  tracer  at  P.  The  diagram  shows 
die  fundamental  principles,  but  in  practice 
accuracy  requires  very  fine  workmanship  and 
an  expensive  instrument.  Very  simple  in- 
struments are  sometimes  made  by  combining 
four  sticks  as  shewn  in  the  sketch,  using 
rivets  at  the  joints,  but  the  friction  of  the 
joints  inuke.s  Mich  .simple  instruments  inac- 
curate. Fig.  2o  shows  an  instrument  in  this 
simple  form,  \\hich  may  be  bought  for  $1.7."). 
Fig  24  shews  another  instrument  called  a 
precision  pantograph,  which  has  the  .same 
essential  geometrical  principle,  although  the 
mechanical  construction  has  a  somewhat 

different  outline  and  the  material,  which  is  Flff-  24.   Meua  Pantograph. 
entirely  of  metal,  has  the  very  finest  quality  of  workmanship.     The 
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33.  Stadia  Slide  Rules-     Figs.  25,  26,  27  show  three  forms 
of  stadia  slide  rules,  the  use  of  which  is  described  in  Sections  15  and 
16.    Any  surveyor  who  has  any  great  amount  of  stadia  surveying 
to  do  will  be  wise  to  utilize  the  stadia  slide  rule  to  facilitate  the  stadia 
reduction,  since  the  cost  of  the  instrument  is  saved  in  a  very  few  days 
and  the  money  necessarily  wasted  by  a  neglect  to  employ  this  device 
is  very  false  economy. 

34.  Polar  Planimeter.     This  instrument  is  used  to  measure 
directly  from  any  drawing  the  area  of  a  given  figure  no  matter  how 
irregular  it  may  be.    Although  they  are  somewhat  expensive,  the 
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Fig.  35.   Colby's  Stadia  Slide  Eule. 
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Pig.  26     K  &  R  Stadia  Slide  Rule 


'.  27      Webb's  St.ulid  Slide  Rule. 


one  illustrated  in  Fig.  2S  costing  $2S,  they  are  capable  of  marvellous 
I'xac-tiioo,  and,  coiusidering  the  simplicity  of  their  mechanism,  it  is  a 
wonderful  mathematical  invention  that  such  a  simple  mechanism 
\\onld  permit  the  recording  on  an  index  of  the  exact  area  of  an  irregu- 
lar figure  simph  by  tracing  the  pointer  around  the  perimeter  of  the 
figure  no  matter  how  irregular  it  may  be.  The  polar  planimeter, 
a>  its  name  implies,  is  worked  around  some  fixed  point,  called  the 
"pole",  \\hieh  in  practice  means  a  needle  point  having  a  shoulder 
\\liidi  J\  pricked  into  the  paper  exactly  as  is  done  with  the  needle 
point  of  a  compass.  The  planimeter  consists  of  two  arms,  the  pole 
ann,  \\hich  carries  the  fixed  point  and  which  is  hinged  to  the  tracer 
arm,  which  carries  the  tracing  point  and  the  measuring  wheel  with 
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the  mechanism  for  indicating  the  area.  The  hinge  "will  permit  the 
tracing  point  to  be  moved  away  from  the  pole  by  an  amount  nearly 
equal  to  the  combined  length  of  the  two  arms,  and  if  it  is  possible 
to  fix  the  pole  at  some  point  from  which  every  point  in  the  perimeter 
of  the  figure  may  be  reached  by  the  tracer,  then  the  area  of  the  figure 
may  be  computed  by  a  single  setting  of  the  instrument.  If  the  figure 
is  too'  large  for  this,  then  the  area  may  be  divided  by  lines,  which  are 
preferably  straight,  although  not  necessarily  so,  into  two  or  more 
partial  areas,  and  the  area  of  each  section  may  be  separately  computed. 
Perhaps  the  most  common  use  of  the  polar  planimeter  is  to  compute 
the  area  of  indicator  cards.  This  has  already  been  described  in  the 
course  of  instruction  in  steam  engineering  under  the  title  "Steam 


Fig  28     Polar  Planimeter. 

Engine  Indicators",  but  the  instrument  also  has  another  important 
use  in  the  measurement  of  irregular  ground  areas,  especially  those 
which  have  been  plotted  by  stadia  methods  rather  than  l>y  the  courses, 
anil  distances  of  the  boundary  lines  ami  which  therefore  cannot  he 
computed  bv  the  common  rule  of  a  summation  of  products  of  latitudes 
and  departures.  It  is  thus  possible  to  compute  an  area  hy  ^uneyino; 
it  rapidly  by  the  .stadia  method,  plotting  it  with  desired  accuracy  at 
a  suitable  .scale  and  then  measuring  the  area  with  a  polar  planimeter. 

THEORY  OF  THE  POLAR  PLANIMETER. 
i.  Zero  Circle.  When  the  planimeter  is  in  the  position 
P  II  WC,  Fig.  20,  the  plane  of  the  wheel,  which  is  perpendicular  to 
the  axis  P  II,  passes  through  C.  If  the  instrument  is  revoked  about 
C,  \\ith  the  angle  IF  //  C  (  =  an )  always  constant,  the  motion  of  the 
wheel  over  the  naoer  will  have  no  component  in  the  direction  of  its 
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plane  and  the  wheel  will  not  revolve.    The  pointer  in  this  position 
describes  the  "zero  circle". 

2.  Combined  Sliding 
and  Rolling.     When    the 
planimeter  is  in  the  position 
Pf  H'  W  C  and  is  revolved 
about    C,   with    the  angle 
Wf  H'  C  (=  <O  always  con- 
stant, the  wheel  will  have 
a  combined  sliding  and  roll- 
ing motion.    For  an  infini- 
tesimal movement  W  b  the 
wheel  will  roll  an  amount 
W  a  and  slide  perpendicu- 
lar to  its  plane  an  amount 
a  b.    When  rolling  in   this 

direction,    the  movement   is  Fig.  29.    Polar  Planimeter  Diagram. 

called  negative. 

3.  Radial  Motion.     When  the  point  P  is   moved  from  P  to 
Pr,  the  wheel  W  will  both  slide  and  roll,  but  its  rolling  will  all  be  in 
a  negative  direction. 

4.  Reversed  Radial  Motion.     If  the  pointer   were  to    move 
back  from  P'  to    P  the    wheel    would    again    slide    and    roll    in 
precisely  the  same  amounts   but   in   contrary  directions,  and  when 
it  reached   P  it  would  have  identically  the  same  position  and  the 
reading   of  the  index    would  be   identical  with  the   previous  read- 
ing at  P. 

5.  If  the  pointer  were  to  move  from  c  to  d,  the  amount  and 
direction  of  both  the  slipping  and  rolling  would  be  the  same  as  when 
it  moved  from  Pf  to  P. 

6.  If  the  pointer  were  to  start  from  P,  move  to  P',  thence  to  c, 
thence  to  d,  and  thence  back  to  P,  the  resultant  rolling  of  the  wheel 
is  the  same  as  that  for  the  line  P'  e  alone;  for  the  rolling  for  d  P  is 
zero  («[  1)  and  the  rolling  for  P  P'  will  be  just  neutralized  by  that  for 
ed.     («['s3,  4  and  5.) 

7.  Therefore  when  the  pointer  is  moved  to  the  right  on  the  arc 
of  a  circle  within  the  zero  circle  about  C  as  a  center  the  indication  is 
negative  and  is  the  same  as  if  the  pointer  moved  around  the  area 
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included  between  the  arc,  -the  corresponding  arc  of  the  zero  circle, 
and  the  including  radii. 

8.  If  the  pointer  moved  in  the  opposite  direction  the  indication 
would  be  the  same  in  amount  but  positive. 

9.  By  similar  demonstrations,  similar  facts  may  be  shown  for 
any  other  elementary  area  except  that 

(a)   when  the  pointer  is  outside  the  zero  circle  and  moving  to 

the  right,  the  indication  is  positive,  and 
(6)    when  outside  and  moving  to  the  left,  the  indication  is 

negative. 

10.  The  perimeter 
of  any  area  may  be  con- 
sidered as  made  up  of  a 
combination  of  infinitesi- 
mal arcs  and  radial  lines 
having  the  fixed  point  of 
the  planimeter  as  center. 
Its   total    area   is    the 
algebraic  sum  of   all    the 
infinitesimal  areas   lying 
between  each  arc  and  the 
zero  circle. 

11.  If   the    pointer 
of  the  planimeter  moves 
around  each  infinitesimal 

area  in  turn  in  such  manner  that  when  moving  on  the  perimeter  it 
moves  in  the  same  direction  as  though  moving  continuously  around 
the  perimeter  only,  the  pointer  will  move  over  all  interior  lines  an 
even  number  of  times  in  opposite  directions.  Therefore  the  accumulated 
registration  of  the  wheel  will  be  the  same  as  though  it  moved  on  the 
perimeter  only,  for  all  registrations  on  interior  lines  will  he  mietralized 
by  the  equal  motion  on  them  in  opposite  directions,  (^  4  and  0.) 

12.  Referring  to  Fig.  20,  P'c  =  CPf  :     ft  -= 


Fig.  30     Irregular  Figure  Divided  Into 
Elementary  Radial  Areas. 


1    m~  -,-  /"'  -    2  nil  co.^  a,    x'' 
W'b  -  CTP  Y.  ft.     The  rolling  of  the  wheel  -  JPa  (*  2). 

W'h  X  W'b  W'b 

=  (n  -  m  cos  aj  ft,  since  77777,  =  ft 


W'a  = 


CW 


'CW 

and  W'h  =  (n  -  m  cos  a.} 
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Area  P  Fed  =  ~(P~C  X  ffi  f'G  --(P'C  X  /3)  P' 


+  n2  +2nl)  +  (m2-n2)- 

(™2  +  F+  2m/  cos 
=  fil  (n  -  m  cos  aj) 

=  Z  X  JF'a  (i.e.,  Z  times  the  rolling  of  the  wheel.) 

13.    When   the   pointer   moves    around    an    elementary    area 

bounded  by  an  arc,  by  the  corresponding  arc  of  the  zero  circle  and 

by  the  two  bounding  radial  lines  (all  having  "C"  as  center)  the  re- 

sultant motion  of  the  wheel  is  the  same  as  though  it  moved  on  the 


Fig.  31     Fixed  Center  Inside  Area. 


arc  alone  (^f  0);  the  wheel  rolls  a  distance  equal  to  the  area  divided 
by  "/"  (H  12).  If  it  moved  in  turn  around  each  elementary  area  of 
a  large  area,  the  resultant  motion  of  the  wheel  would  be  the  same  as 
though  it  moved  continuously  around  the  perimeter  of  the  larger  area 
(^|'s  10,  11)  and  therefore  the  total  resultant  motion  of  the  wheel  will 
equal  the  area  of  the  figure  divided  by  "/". 

14.  Therefore  if  c  =  the  circumference  of  the  wheel,  n  the 
number  of  turns  recorded  by  the  index,  and  I  the  Irngth  of  the  arm 
from  II  to  P,  then  Area  =  I  n  c. 
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15.  Fixed  Center   Inside   the   Figure.      If    the    pointer    is 
moved  around  the  perimeter  A,  Fig.  31,  to  the  right,  the  indication 
will  be  positive  (^f  9)  but  will  indicate  only  the  area  between  A  and 
the  zero  circle.     Therefore  the  total  area  will  equal  the  indicated  area 

(I  n  c)  plus  the  area  of  the  zero  circle  (  TT  (  m2  +  P  +  2  n  I )  Y  If 

the  pointer  is  moved  to  the  right  around  perimeter  B,  the  record  will 
be  negative  (f  9)  and  will  correspond  to  the  area  between  B  and  the 
zero  circle.  Therefore  the  algebraic  sum  (the  numerical  difference) 
of  the  record  reading  and  the  area  of  the  zero  circle  will  give  the  true 
area  of  B. 

16.  General  Rule.     Always  move  the  pointer  to    the  right. 
If  "C",  the  pole,  is  within  the  figure,  add  the  area  of  the  zero  circle 
(algebraically)  to  the  indicated  result      If  the  pole  is  outside  the 
figure  the   area  is  given   by  the  product  I  n  c.     The  scale  on  the 
recording  wheel  is  so  graduated  as  to  give  the  result  directly.     The 
area  of  the  zero  circle  is  usually  indicated  on  the  instrument,  but  it 
may  be  determined  experimentally  by  finding  the  distance  from  the 
pointer  to  the  fixed  center,  which  will  cause  no  rotation  of  the  index 
wheel  when  the  pointer  is  swung  about  the  center.     This   is   the 
radius  of  the  zero  circle.     Its  area  should  be  reduced   to  the  scale 
of  the  drawing. 
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TABLE   I. 
Horizontal  Distances  and  Elevations  from  Stadia  Readings. 


Minutes 

0° 

1° 

2s 

3° 

Hor. 
Dist. 

Diff. 
Elev. 

•  Hor. 
Dist. 

Diff. 
Elev. 

Hor. 

Dist. 

Diff: 
Elev. 

Hor. 
Dist. 

Diff. 
Elev. 

0 

100.00 

0.00 

99.97 

1.74 

99.88 

3.49 

99.73 

5.23 

2 

100.00 

0.06 

99.97 

1.80 

99.87 

3.55 

99.72 

5.28 

4 

100.00 

0.12 

99.97 

1.86 

99.87 

3.60 

99.71 

5.34 

6 

100.00 

0.17 

99.96 

1.92 

99.87 

3.66 

99.71 

5.40 

8 

100.00 

0.23 

99.96 

1.98 

99.86 

3.72 

99.70 

5.46 

10 

100.00 

0.29 

99.96 

2.04 

99.86 

3.78 

99.69 

5.52 

12 

100.00 

0.35 

99.96 

2.09 

99.85 

3.84 

99.69 

5.57 

14 

100.00 

0.41 

99.95 

2.15 

99.85 

3.90 

99.68 

5.63 

16 

100.00 

0.47 

99.95 

2.21 

99.84 

3.95 

99.68 

5.69 

18 

100.00 

0.52 

99.95 

2.27 

99.84 

4.01 

99.67 

5.75 

20 

100.00 

0.58 

99.95 

2.33 

99.83 

4.07 

99.66 

5.80 

22 

100.00 

0.64 

99.94 

2.38 

99.83 

4.13 

99.66 

5.86 

24 

100.00 

0.70 

99.94 

2.44 

99.82 

4.18 

99.65 

5.92 

26 

99.99 

0.76 

99.94 

2.50 

99.82 

4.24 

99.64 

5.98 

28 

99.99 

0.81 

99.93 

2.56 

99.81 

4.30 

99.63 

6.04 

30 

99.99 

0.87 

99.93 

2.62 

99.81 

4.30 

99.63 

6.09 

32 

99.99 

0.93 

99.93 

2.67 

99.80 

4.42 

99.62 

6.15 

34 

99.99 

0.99 

99.93 

2.73 

99.80 

4.48 

99.62 

6.21 

36 

99.99 

1.05 

99.92 

2.79 

99.79 

4.53 

99.01 

6.27 

38 

99.99 

1.11 

99.92 

2.85 

99.79 

4.59 

99.00 

6.33 

40 

99.99 

1.16 

99.92 

2.91 

99.78 

4.05 

99.59 

6.38 

42 

99.99 

1.22 

99.91 

2.97 

99.78 

4.71 

99.59 

6.44 

44 

99.98 

1.28 

99.91 

3.02 

99.77 

4.70 

99.58 

6.50 

40 

99.98 

1.34 

99.90 

3.0S 

99.77 

4.S2 

99.57 

6.56 

4S 

99.98 

1.40 

99.90 

3.14 

99.70 

4.SS 

99.50 

6.61 

50 

99.98 

1.45 

99.90 

3.20 

00.70 

4.94 

99.50 

6.67 

52 

99.98 

1.51 

99.89 

3.20 

99.75 

4.99 

99.55 

6.73 

54 

99.9cS 

1.57 

99.89 

3.31 

99.74 

5.05 

99.54 

6.78 

50 

99.97 

1.63 

99.89 

3.37 

99.74 

5.11 

99.53 

6.84 

5<S 

99.97 

1.69 

99.88 

3.43 

99.73 

5.17 

99.52 

6.90 

00 

99.97 

1.74 

99.88 

3.49 

99.73 

5.23 

99.51 

6.96 

•fo)=075'     0.75 

0.01 

0.75 

0.02 

0.75 

0.03 

0.75 

0.05 

F+0_=j_qo     1.00 

0.01 

1.00 

0.03 

1.00 

0.04 

1.00 

0.06 

TRIANGULATION  STATION  ON  MOUNT  UNCOMPAHGRE.     ELEVATION 
14,300  FEET 

Courtesy  of  U   S   Coast  and  Geodetic  Survey,  Washington,  D    C. 


PLOTTING  AND  TOPOGRAPHY 


TABLE  I.. 

(Continued.) 

Horizontal  Distances  and  Elevations  from  Stadia  Readings. 


Minutes 

4° 

53 

6> 

•           7o 

Hor. 

Dist. 

Diff. 
Elev. 

Hor. 
Dlst. 

Diff. 
Elev. 

Hor. 
Dist. 

Difl. 
Elev. 

Hor. 
Dist. 

Diff. 
Elev. 

0 

99.51 

6.96 

99.24 

8.68 

98.91 

10.40 

98.51 

12.10 

2 

99.51 

7.02 

99.23 

8.74 

98.90 

10.45 

98.50 

12.15 

4 

99.50 

7.07 

99.22 

8.80 

98.88 

10.51 

98.48 

12.21 

6 

99.49 

7.13 

99.21 

8.85 

98.87 

10.57 

98.47 

12.26 

8 

99.48 

7.19 

88.20 

8.91 

98.86 

10.62 

98.46 

12.32 

10 

99.47 

7.25 

99.19 

8.97 

98.85 

10.68 

98.44 

12.38 

12 

99.46 

7.30 

99.18 

9.03 

98.83 

10.74 

98.43 

12.43 

14 

99.46 

7.36 

99.17 

9.08 

98.82 

10.79 

98.41 

12.49 

16 

99.45 

7.42 

99.16 

9.14 

98.81 

10.85 

98.40 

12.55 

18 

99.44 

7.48 

99.15 

9.20 

98.80 

10.91 

98.39 

12.60 

20 

99.43 

7.53 

99.14 

9.25 

98.78 

10.96 

98.37 

12.66 

22 

99.42 

7.59 

99.13 

9.31 

98.77 

11.02 

98.36 

12.72 

24 

99.41 

7.65 

99.11 

9.37 

9S.76 

11.08 

98.34 

12.77 

26 

99.40 

7.71 

99.10 

9.43 

98.74 

11.13 

98.33 

12.83 

28 

99.39 

7.76 

99.09 

9.48 

98.73 

11.19 

98.31 

12.88 

30 

99.3S 

7.82 

99.08 

9.51 

98.72 

11.25 

98.29 

12.94 

32 

99.38 

7.88 

99.07 

9.60 

98.71 

11.30 

98.28 

13.00 

34 

99.37 

7.94 

99.06 

9.65 

98.69 

11.36 

98.27 

13.05 

36 

99.36 

7.99 

99.05 

9.71 

98.68 

11.42 

98.25 

13.11 

38 

99.35 

8.05 

99.04 

9.77 

98.67 

11.47 

98.24    13.17 

40 

99.34 

8.11 

99.03 

9.83 

98.65 

11.53 

98.22     12.22 

42 

99.33 

8.17 

99.01 

9.8S 

98.64 

Il.o9 

98.20    13.28 

44 

99.32 

8.22 

99.00 

9.94 

9S.G3 

11.64 

98.19    13.33 

46 

99.31 

8.28 

98.99 

10.00 

9X.61 

11.70 

98.17    13.39 

48 

99.30 

8.34 

98.98 

10.05 

9S.GO 

11.70 

98.16     12.45 

50 

99.29 

8.40 

98.97 

10.11 

98.r>S 

11.81 

98.14 

13.30 

52 

99.28 

8.45 

98.96 

10.17 

98.57 

11.S7 

98.13 

13.56 

54 

99.27 

8.51 

98.94 

10.22 

98.56 

11.93 

98.11 

13.61 

56 

99.26 

8.57 

98.93 

10.28 

98.54 

11.98 

98.10 

13.67 

58 

99.25 

8.63 

98.92 

10.34 

98.53 

12.04 

98.08 

13.73 

60 

99.24 

8.68 

98.91 

10.40 

98.51 

12.10 

98.06 

13.78 

(f+c)=0.75 

0.75 

0.06 

0.75 

0.07 

0.75 

O.OS 

0.74 

0.10 
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TABLE  I. 

(Continued.) 

Horizontal  Distances  and  Elevations  from  Stadia  Readings. 


Minutes 

8° 

9° 

10° 

11° 

Hor. 
Dist. 

Diff. 
Elev. 

Hor. 
Dist. 

Diff. 
Elev. 

Hor. 
Dist. 

Diff. 
Elev. 

Hor. 

Dist. 

Diff. 

Elev. 

0 

98.06 

13.78 

97.55 

15.45 

96.98 

17.10 

96.36 

18.73 

2 

98.05 

13.84 

97.53 

15.51 

96.96 

17.16 

96.34 

18.78 

4 

98.03 

13.89 

97.52 

15.56 

96.94 

17.21 

96.32' 

18.84 

98.01 

13.95 

97.50 

15.62 

96.92 

17.26 

96.29 

18.89 

8 

98.00 

14.01 

97.48 

15.67 

96.90 

17.32 

96.27 

18.95 

10 

97.98 

14.06 

97.46 

15.73 

96.88 

17.37 

96.25 

19.00 

12 

97.97 

14.12 

97.44 

15.78 

96.86 

17.43 

96.23 

19.05 

14 

97.95 

14.17 

97.43 

15.84 

96.84 

17.48 

96.21 

19.11 

16 

97.93 

14.23 

97.41 

15.89 

96.82 

17.54 

96.18 

19.16 

18 

97.92 

14.28 

97.39 

15.95 

96.80 

17.59 

96.16 

19.21 

20 

97.90 

14.34 

97.37 

16.00 

96.78 

17.65 

96.14 

19.27 

22 

97.88 

14.40 

97.35 

16.06 

96.76 

17.70 

96.12 

19.32 

24 

97.87 

14.45 

97.33 

16.11 

96.74 

17.76 

96.09 

19.38 

26 

97.85 

14.51 

97.31 

16.17 

96.72 

17.81 

96.07 

19.43 

28 

97.83 

14.56 

97.29 

16.22 

96.70 

17.86 

96.05 

19.48 

30 

97.82 

14.62 

97.28 

16.28 

96.68 

17.92 

96.03 

19.54 

32 

97.80 

14.67 

97.26 

16.33 

96.66 

17.97 

06.00 

19.59 

34 

97.78 

14.73 

97.24 

16.39 

96.64 

18.03 

95.98 

19.64 

36 

97.76 

14.79 

97.22 

16.44 

96.62 

18.08 

05.06 

10.70 

38 

97.75 

14.84 

97.20 

16.50 

96.60 

18.14 

05.03 

19.75 

40 

97.73 

14.90 

97.18 

16.55 

06.57 

18.10 

05.91 

10.80 

42 

97.71 

14.95 

97.16 

16.61 

06.55 

18.24 

05.89 

10.86 

44 

97.69 

15.01 

97.14 

16.66 

06.53 

18.30 

05.86 

10.01 

46 

97.68 

15.06 

97.12 

16.72 

06.51 

1S.35 

05.84 

10.96 

48 

97.66 

15.12 

97.10 

16.77 

06.40 

1S.41 

05.82 

20.02 

50 

97.64 

15.17 

97.08 

16.83 

06.47 

18.46 

05.70 

20.07 

52 

97.62 

15.23 

97.06 

16.88 

06.45 

18.51 

05.77 

20.12 

54 

97.61 

15.28 

97.04 

16.94 

06.42 

18.57 

05.75 

20.  1« 

56 

97.59 

15.34 

97.02 

16.99 

06.40 

18.62 

05.72 

20.23 

58 

97.57 

15.40 

97.00 

17.05 

06.38 

18.68 

05.70 

20.28 

60 

97.55 

15.45 

96.98 

17.10 

06.36 

18.73 

05.68 

20.34 

f+o)  =  075 

0.74 

0.11 

0.74 

0.12 

"~6~74 

0.14 

0.73 

~o7i5~ 

M-c)  =  l  00     0.99 

0.15 

0.99 

"0.16" 

"  0.98 

0.18 

0.98 

0720 
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TABLE    I. 

(Continued.) 

Horizontal  Distances  and  Elevations  from  Stadia  Readings. 


1 

Minutes 

120 

13° 

14° 

15° 

Hor. 
DIst. 

Diff. 
Elev. 

Hor. 
Dh»t. 

Diff. 
Elev. 

Hor. 
Dist. 

Diff. 
Elev. 

Hor. 
Dist. 

Diu 
Ele% 

0 

95.68 

20.34 

94.94 

21.92 

94.15 

23.47 

93.30 

25.00 

2 

95.65 

20.39 

94.91 

21.97 

94.12 

23.52 

93.27 

25.05 

4 

95.63 

20.44 

94.89 

22.02 

94.09 

23.58 

93.24 

25.10 

6 

95.61 

20.50 

94.86 

22.08 

94.07 

23.63 

93.21 

25.15 

8 

95.58 

20.55 

94.84 

22.13 

94.04 

23.68 

93.18 

25.20 

10 

95.56 

20.60 

94.81 

22.18 

94.01 

23.73 

93.16 

25.25 

12 

95.53 

20.66 

94.79 

22.23 

93.98 

23.78 

93.13 

25.30 

14 

95.51 

20.71 

94.76 

22.28 

93.95 

23.83 

93.10 

25.35 

16 

95.49    20.76 

94.73    22.34 

93.93 

23.88 

93.07 

25.40 

18 

95.46    20.81 

94.71    22.39 

93.90 

23.93 

93.04 

25.45 

20 

95.14 

20.87 

94.68 

22.44 

93.87 

23.99 

93.01 

25.50 

22 

95.41 

20.92 

94.66 

22.49 

93.84 

24.04 

92.98 

25.55 

24       - 

95.39 

20.97 

94.63    22.54    93.81 

24.09 

92.95 

25.60 

26 

95.36    21.03 

94.60    22.60    93.79 

24.14 

92.92 

25.65 

28 

95.34 

21.08 

94.5S    22.65    93.76 

24.19 

92.S9 

25.70 

30 

95.32 

21.13 

94.55    22.70 

93.73 

24.24 

92.SG 

25.75 

32 

05.29 

21.1$ 

94.52    22.75    93.70 

24.29    92.S3 

25.80 

34          05.27    21.24    94.50    22.SO    93.07 

24.34  !  92.SO 

25.85 

30          05.24    21.29    94.47    22.X5     03.03 

24.39    92.77    25.90 

3S          05.22    21.34,94.44    22.01     03.02 

24.44    92.74    25.95 

40          05.1!)    21.39    94.42    22.00     03.59 

24.49    92.71     20.00 

1 

42          05.17    21.45    94.30    23.01     93.50 

24.55    92.0S  '  20.05 

44          05.14    21.50  ,  94.30     23.00     03.53 

24.00    J)2.03    20.10 

40          05.12     21.55     94.34     23.11     03.50 

24.05    02.02     2(5.13 

4SI          05.09    21.00    94.31     23.10     93.47 

24.70    92.59     2(5.20 

50          05.07    21.00 

94.2S    23.22 

03.45 

24.75 

92.50 

2(5.25 

52          05.04    21.71 

04.2(1  '  23.27 

03.42  ' 

24.SO 

92.53 

2(5.30 

54          05.02    21.70 

94.23    23.32    93.39 

24.S5 

92.40    2(5.35 

50          04.09    2  LSI 

94.20    23.37    03.30 

24.90  I  92.40    20.40 

5S          04.97    21.  S7  '  94.17    23.42    93.33 

24.95 

92.43    2(5.45 

00          04.94    21.92    94.15    23.47    03.30 

25.00 

92.40    26.50 

(f+cV=o~75     0.73"     0.10"     0.73  !    0.17   ~~0.73 

~0.10 

0.72    ~6~20~ 
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TABLE  I. 

(Continued.) 

Horizontal  Distances  and  Elevations  from  Stadia  Readings. 


Minutes 

16° 

17° 

18° 

19° 

Hor. 
Dist. 

DM. 
Elev. 

Hor. 
Dist. 

DM. 

Elev. 

Hor. 
Dist. 

DM. 
Elev. 

Hor. 
Dist. 

Diff. 
Elev. 

0 

92.40 

26.50 

91.45 

27.96 

90.45 

29.39 

89.40 

30.78 

2 

92.37 

26.55 

91.42 

28.01 

90.42 

29.44 

89.36 

30.83 

4 

92.34 

26.59 

91.39 

28.06 

90.38 

29.48 

89.33 

30.87 

6 

92.31 

26.64 

91.35 

28.10 

90.35 

29.53 

89.29 

30.92 

8 

92.28 

26.69 

91.32 

28.15 

90.31 

29.58 

89.26 

30.97 

10 

92.25 

26.74 

91.29 

28.20 

90.28 

29.62 

89.22 

31.01 

12 

92.22 

26.79 

91.26 

28.25 

90.24 

29.67 

89.18 

31.06 

14 

92.19 

26.84 

91.22 

28.30 

90.21 

29.72 

89.15 

31.10 

16 

92.15 

26.89 

91.19 

28.34 

90.18 

29.76 

89.11 

31.15 

18 

92.12 

26.94 

91.16 

28.39 

90.14 

29.81 

89.08 

31.19 

20 

92.09 

26.99 

91.12 

28.44 

90.11 

29.86 

89.04 

31.24 

22 

92.06 

27.04 

91.09 

28.49 

90.07 

29.90 

89.00 

31.28 

24 

92.03 

27.09 

91.06 

28.54 

90.04 

29.95 

88.96 

31.33 

26 

92.00 

27.13 

91.02 

.  28.58 

90.00 

30.00 

88.93 

31.38 

28 

91.97 

27.18 

90.99 

28.63 

89.97 

30.04 

88.89 

31.42 

30 

91.93 

27.23 

90.96 

28.68 

89.93 

30.09 

88.86 

31.47 

32 

91.90 

27.28 

90.92 

28.73 

89.90 

30.14 

88.82 

31.51 

34 

91.87 

27.33 

90.89 

28.77 

89.86 

30.19 

88.78 

31.56 

-    36  '       91.84 

27.38 

90.86 

28.82 

89.83 

30.23 

88.75 

31.60 

38 

91.81 

27.43 

90.82 

28.87 

89.79 

30.28 

88.71 

31.65 

40 

91.77 

27.48 

90.79 

28.92 

89.76 

30.32 

88.67 

31.69 

42 

91.74 

27.52 

90.76 

28.96 

89.72 

30.37 

88.64 

31.74 

44 

91.71 

27.57 

90.72 

29.01 

89.69 

30.41 

88.60 

31.78 

46 

91.68 

27.62 

90.69 

29.06 

89.65 

30.46 

88.56 

31.83 

48 

91.65 

27.67 

90.66 

29.11 

89.61 

30.51 

88.53 

31.87 

50 

91.61 

27.72 

90.02 

29.15 

89.58 

30.55 

88.49 

31.92 

52 

91.58 

27.77 

90.59 

29.20 

89.54 

30.60 

88.45 

31.96 

54 

91.55 

27.81 

90.55 

29.25 

89.51 

30.65 

88.41 

32.01 

56 

91.52 

27.86 

90.52 

29.30 

89.47 

30.69 

88.38 

32.05 

58 

91.48 

27.91 

90.48 

29.34 

89.44 

30.74 

88.34 

32.09 

60 

91.45 

27.96 

90.45 

29.39 

89.40 

30.78 

88.30 

32.14 

(f4-c)=0.75 

0.72 

0.21 

0.72 

0.23 

0.71 

0.24 

0.71 

0.25 

(f+c)=1.00 

0.86 

0.28 

0.95 

0.30 

0.95 

0.32 

0.94 

0.33 
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TABLE   I. 

(Continued.) 

Horizontal  Distances  and  Elevations  from  Stadia  Readings. 


Minutes 

20° 

£10 

220 

280 

Hor. 
Dist. 

Diff. 
Elev. 

Hor. 
Dist. 

Diff. 
Elev. 

Hor. 
Dist. 

Diff. 

Elev. 

Hor. 
Dist. 

Difl. 
Elev. 

0 

88.30 

32.14 

87.16 

33.46 

85.97 

34.73 

84.73 

35.97 

2 

88.26 

32.18 

87.12 

33.50 

85.93 

34.77 

84.69 

36.01 

4 

88.23 

32.23 

87.08 

33.54 

85.89 

34.82 

84.65 

36.05 

6 

88.19 

32.27 

87.04 

33.59 

85.85 

34.86 

84.61 

36.09 

'8 

88.15 

32.32 

87.00 

33.63 

85.80 

34.90 

84.57 

36.13 

10 

88.11 

32.36 

86.96 

33.67 

85.76 

34.94 

84.52 

36.17 

12 

88.08 

32.41 

86.92 

33.72 

85.72 

34.98 

84.48 

36.21 

14 

88.04 

32.45 

86.88 

33.76 

85.68 

35.02 

84.44 

36.25 

16 

88.00 

32.49 

86.84 

33.80 

85.64 

35.07 

84.40 

36.29 

18 

87.96 

32.54 

86.80 

33.84 

85.60 

35.11 

84.35 

36.33 

20 

87.93 

32.58 

86.77 

33.89 

85.56 

35.15 

84.31 

36.37 

22 

87.89 

32.63 

86.73 

33.93 

85.52 

35.19 

84.27 

36.41 

24 

87.85 

32.67 

86.69 

33.97 

85.48 

35.23 

84.23 

36.45 

26 

87.81 

32.72 

86.65 

34.01 

85.44 

35.27 

84.18 

36.49 

28 

87.77 

32.76 

86.61 

34.06 

85.40 

35.31 

84.14 

36.53 

30 

87.74 

32.80 

86.57 

34.10 

85.36 

35.36 

84.10 

36.57 

32 

87.70 

32.85 

86.53 

34.14 

85.31 

35.40 

84.06 

36.61 

34 

87.66 

32.89 

86.49 

34.18 

85.27 

35.44 

84.01 

36.65 

36 

87.62 

32.93 

86.45 

34.23 

85.23 

35.48    83.97 

36.69 

38 

87.58 

32.98 

86.41 

34.27    85.19 

35.52  ;  83.93 

36.73 

40 

87.54 

33.02 

S6.37 

34.31 

85.15 

35.56 

83.89 

36.77 

42 

87.51 

33.07 

86.33 

34.35 

85.11 

35.60 

83.84 

36.SO 

44 

87.47 

33.11 

86.29 

34.40 

S5.07 

35.64  '  83.80 

36.84 

46 

87.43 

33.15 

86.25 

34.44 

85.02 

35.68    83.76 

36.S8 

48 

87.39 

33.20 

86.21 

34.4S 

84.98 

35.72  ,  S3.72 

36.92 

50 

87.35 

33.24 

86.17 

34.52 

84.94 

35.76 

83.67 

36.96 

52 

S7.31 

33.28 

86.13 

34.57 

84.90 

35.80 

83.63 

37.00 

54 

cS7.27 

33.33 

86.09 

34.61 

84.86    35.85 

83.59  ,  37.04 

56 

87.24 

33.37 

86.05 

34.65 

84.82    35.89 

83.54    37.08 

58 

87.20 

33.41 

86.01 

34.69 

84.77 

35.93 

83.50  ,  37.12 

60 

87.16 

33.46 

85.97 

34.73 

84.73 

35.97 

83.46    37.16 

-1-^=0.75 

0.70" 

"0.26" 

~0.70 

~0.27  ~~0.69  ;~0.29  ,~~aG9  "ti.30 
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TABLE  I. 


*a  and  Elevations  from  Stadia  Readings. 


MfcMUM 

w          \           v 

JO"              !              270 

Bor. 

DIM. 

DU. 
Her. 

Bor. 
Diet. 

DIB. 
Her. 

Hor. 
Dlbt. 

Din. 

Elev. 

Hor. 
DIst. 

Dlff. 
Elev. 

0 

83.46 

37.16 

82.14 

38.30 

80.78 

39.40 

79.39 

40.45 

2 

83.41 

37.20 

82.09 

38.34 

80.74 

39.44 

79.34 

40.49 

4 

8357 

37.23 

82.05 

38.38 

80.69 

39.47 

79.30 

40.52 

6 

83.33 

37.27 

82.01 

38.41 

80.65 

39.51 

79.25 

40.55 

8 

83.28 

37.31 

81.96 

38.45 

80.60 

39.54 

79.20 

40.59 

10 

83.24 

37.35 

81.92 

38.49 

80.55 

39.58 

79.15 

40.62 

12 

83.20 

37.39 

81.87 

38.53 

80.51 

39.61 

79.11 

40.66 

14 

83.15 

37.43 

81.83 

38.56    80.64 

39.65 

79.06 

40.69 

16 

83.11  .  37.47 

81.78 

38.60 

80.41 

39.69 

79.01 

40.72 

18 

83.07    37.51 

81.74 

38.64    80.37 

39.72 

78.96 

40.76 

20 

83.02 

37.54 

81.69 

as.67 

80.32 

39-76 

78.92 

40.79 

22 

82.98 

37.5S    81.65 

38.71    S0.2S 

39.79 

78.87    40.82 

24 

S2.93    37.02    81.60    3S.75  ,  80.23  !  39.83    78.82  !  40.86 

26       !  S2.S9    37.06    S1.5G    3X.78    80.18    39.86    7S.77    40.89 

28         S2.S5    37.70    SI  .51    3S.62    S0.14    39.90    78.73    40.92 

30         S2.SO    37.74    si.  47    3S.S6    80.09    39.93    78.6S    40.96 

32 

X2.70 

37 

.  /  1 

X1.42 

3X.89 

80.04 

39. 

97 

78.03 

40.09 

34 

X2.72 

37 

.XI 

S1.3S 

38. 

1)3 

80.00 

40. 

00 

78.58 

41.02 

3d 

X2.07 

37 

.X5 

XI.  33 

3,s. 

D7 

79.95 

40. 

04 

78.54 

41.00 

3X 

S2.03 

37 

.X9 

M.2X 

39. 

00 

79.90 

40. 

07 

78.49 

41.00 

40 

X2.58 

37 

.1)3 

X1.24 

31). 

04 

79.80 

40. 

11 

78.44 

41.12 

42 

s2.54 

37 

.90 

M.19 

31). 

OX 

79.81 

40. 

14 

78.38 

41  1C) 

44 

s2.40 

3s 

.00 

X  1  .  1  5 

3D. 

11 

79.  70 

40. 

18 

78.34 

41.10 

40 

s2.45 

3s 

.04 

M.10 

3D. 

15 

79.72 

40. 

21 

78.30 

41.22 

4s 

s2.41 

3s 

.OS 

XI.  00 

3D. 

is 

79.07 

40. 

.24 

78.25 

41.20 

50 

S2.30 

3s.ll 

X1.01 

3D. 

oo 

79.02 

40. 

28 

78.20 

41.20 

52 

s2  32 

3s 

15 

S0.97 

3D. 

20 

79.58 

40. 

31 

78.15 

41.32 

54 

s2  27 

3s 

.19 

S0.92 

3D. 

21) 

79.53 

40. 

35 

70.10 

41.35 

50 

s2  23 

3s 

.23 

M).s7 

3D. 

33 

79.4X 

40. 

38 

70.00 

41.30 

5s 

s2.  i  s 

3s 

20 

so.  S3 

3D. 

30 

70.44 

40. 

42 

78.01 

41.42 

r»o 

s2  14 

3s 

30 

s().7s 

3D. 

40 

79.39 

40. 

45 

77.90 

41.45 

-  '-n7" 

o.<;s 

0 

31 

(Mis 

0. 

32~ 

0.07 

0.33 

0.00 

0.35 

iO  —  1  (H) 

OMl 

0 

11 

(MM) 

0. 

43 

0.89 

0. 

45, 

0.89 

,  0.46 
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HocizooUrf 


TABLE  L 


Ulnnun 

Bar. 
MM. 

DU. 

»•». 

liar.      {      DM. 
MM.      j     Btor. 

Bar.      j      DM. 
Dta*.     1     Bto*. 

0 

77.96 

41.45 

76^0 

42.40 

7&00 

4340 

2 

77.91 

41.48 

76.45 

42.43 

74.96 

4343 

4 

77.86 

41.52      76.40 

42.46 

74.90 

4346 

6 

77.81 

41.55  !  7645 

42.49 

74.85 

4340 

8 

77.77 

41.58 

7640 

42^3      74.80 

43.42 

10 

77.72 

41.61 

76.25 

42-56 

74.75 

43.45 

12 

77.67 

41.65 

76.20 

42,59 

74.70 

43.47 

14 

77.62 

41.68 

76.15      42.62 

74.65 

43-50 

16 

77.57 

41.71 

76.10      42.65  '   74.60 

43.53 

18 

77.52 

41.74  t  76.05      42.68      74.55 

43-56 

20 

77.48 

41.77  '  76.00      42.71      74.49 

43-59 

22 

77.42      41.81   i 

75.95 

42.74 

74.44 

43.62 

24 

77.38   '   41.84 

75.90 

42.77 

74.39 

43.65 

26 

77.33      41.87 

75.S5 

42.SO 

74.34 

43.67 

28 

77.28      41.90 

75.M} 

42.S3 

74.29 

43.70 

30 

77.23       41.93 

75.75 

42.sC 

74.24 

43.73 

32 

77.  IS       41.97 

75.70 

42.si, 

74.1«.» 

43.76 

34 

77.13       42.00 

75.65 

42.92 

74.14 

43.79 

36 

77.09       42.03 

75.60 

42.95 

74.^.» 

43.  v2 

as 

77.04       42.06 

"~  5   "»  "i 

42.^ 

74.04 

43.  vj 

40 

76.99       42.09 

75.511 

43.01 

73.'.  *) 

43>7 

42 

76.94       42.12 

75  45 

43.04 

73  «i.I 

4:  .'«» 

4-i 

76.s».i       42.15 

75  4(  » 

4307 

7o  ss 

4.  '»:{ 

4i> 

76.X4       42.1'.* 

75  X5 

4:;  in 

7.  s.; 

4:  ''.- 

4S 

7  i.79       42  22 

75  .in 

43  13 

i  -I    t  S 

4.   '«s 

50 

7  ;.74       42.25 

7".  25 

4.-  1*. 

:.  :.j 

44  nl 

52 

7  1.6'.*       42.2s 

7520 

43  Is 

7.    t,s 

44i'4 

54 

7  ».64       42.31 

75  15 

4321 

7-  »o 

41  «»7 

50 

7  i.5!»       42.34 

75  in 

43  24 

7     5s 

44  n1* 

58 

7  i.55       42  37 

75  I  »5 

4:>  27 

1  •     «J 

44  12 

60 

7  i.50       42.40 

75  on 

43!  in 

7-   47 

4115 

J-<^=0.7n 

0.66       o.36 
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HIGHWAY  CONSTRUCTION 

PART  I 


COUNTRY  ROADS  AND  BOULEVARDS 

RESISTANCE  TO  MOVEMENT  OF  VEHICLES 

The  object  of  a  road  is  to  provide  a  way  for  the  tnuasportatioo 
of  persons  and  goods  from  one  place  to  another  with  the  feast 
expenditure  of  power  and  expense.  The  facility  with  which  thb 
traffic  or  transportation  may  be  conducted  over  any  given  road 
depends  upon  the  resistance  offered  to  tie  movement  of  vehicles- 
This  resistance  is  composed  of:  (1)  resistance  offered  by  the  road- 
way, which  consists  of  (a)  "friction"  between  the  surface  of  the 
road  and  the  wheel  tires,  (b)  resistance  offered  to  the  rolling  of 
the  wheels  occasioned  by  the  want  of  uniformity  in  the  road  surface 
or  lack  of  strength  to  resist  the  penetrating  efforts  of  loaded  wheels, 
(c)  resistance  due  to  gravity  called  "grade  resistance";  (2)  resistance 
offered  by  vehicles,  termed  "axle  friction";  and  (3)  resistance  of 
the  air.  The  magnitude  of  each  of  the  components  has  a  wide 
range,  varxing  with  the  kind  and  condition  of  the  road  and  its 
surface,  the  form  and  condition  of  the  vehicle,  the  load,  and  the 
speed. 

Resistance  to  Traction.  The  combination  of  road  resistances 
is  designated  by  the  general  term  "returnee  to  traction",  the 
magnitude  of  \\hich  is  measured  by  the  number  of  polling  of  effort 
per  ton  of  the  load  required  to  o\ereome  it;  thi-  i-  a^eriiiirul  h\ 
a  form  of  spring-balance  \ariou>ly  culled  "d\mii:raph".  "tr.iMo- 
grapir',  etc-.,  one  end  of  \\Iiich  I**  attached  to  the  vchi«  !«•<-  ;md  the 
other  end  to  the  draft  aniniitN. 

The  road  \\liich  offers,  the  k-a-t  re^tanee  to  trattu  -hould 
combine  a  surface  on  \\hich  the  friction  uf  the  \slu-tU  i-  reduced 
to  the  least  po^ihle  anmuiit,  ^hile  po-e-ini:  Mitti*  iciii  nnu'luit— 
to  afford  good  foothold  for  the  draft  imimsiN  and  good  adhi'*n»n 
for  motor  vehicle-;  and  should  be  so  located  a-  to  ghe  the  nmst 
direct  route  with  the  least  gradients. 
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TABLE  I 
to  Traction  on  Different  Road  Surfaces 


TRACTION  RBSISTANCK 


round*  per  Ton 


In.  Terms  of  Load 


Gram* 


Pbakrad 


50  to  200 
60  to  100 
100  to  200 
30  to  100 
30  to  50 
15  to  40 


A  to  A 

&  to  & 

A  to  A 

*  to  A 

tV  to  A 


Friction*  T!ie  resistance  of  friction  arises  from  the  nibbing 
of  the  vbeel  tires  ibgainst  the  surface  of  the  road;  its  amount  can 
be  determined  only  by  experiment  for  each  kind  of  road  surface. 
From  many  experiments  the  following  deductions  are  drawn: 

(1)  The  resistance  to  traction  is  directly  proportional  to  the  pressure. 

(2)  On  solid  unyielding  surfaces,  the  resistance  is  independent  of  the 
width  of  the  tire;  but  on  compressible  surfaces  it  decreases  as  the  width  of  the 
tire  increases.    There  is  no  material  advantage  gained,  however,  in  making 
a  tire  more  than  4  inches  wide,  for  the  reason  that  it  is  impossible  to  distribute 
the  load  evenly  over  the  road  owing  to  the  irregularities  and  curvatures  of  its 
surface. 

(3)  On  uniformly  smooth  surfaces,  the  resistance  is  independent  of  the 
apeed. 

(4)  On  rough  irregular  surfaces,  which  give  rise  to  constant  concussion, 
the  resistance  increases  \uth  the  sjioed. 

Table  I  shows  the  relative  resistance  to  traction  of  various 
surfaces.  These  coefficients  refer  to  the  power  required  to  keep  the 
load  in  motion.  It  requires  from  two  to  six  or  eight  times  as  much 
force  to  start  a  load  as  it  does  to  keep  it  in  motion  at  two  or  three 
miles  per  hour.  The  extra  force  required  to  start  a  load  is  due  in 
part  to  the  fact  that  during  the  stop  the  wheel  may  settle  into  the 
road  Mirface,  in  part  to  the  fact  that  the  axle  friction  at  starting 
is  greater  than  after  motion  has  begun;  and  in  part  to  the  fact 
that  energx  is  coiiMimed  in  accelerating  the  load. 

Htxtfitunre  tu  nulling.  Resistance  to  rolling  is  caused  partly 
by  the  \\heel  penetrating  or  sinking  below  the  surface  of  the  road, 
forming  a  depression  or  rut,  as  shown  in  Fig.  1,  thus  compelling 
the  \\heel  to  be  continually  rolling  up  a  short  incline.  The  measure 
of  tin*  re>i>tance  is  the  horizontal  force  necessary  at  the  axle  to 
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roll  it  up  the  incline;  and  La  equal  to  the  product  of  the  load  multi- 
plied by  one-third  of  the  semi-chord  of  the  submerged  are  of  the 
wheel. 

Resistance  to  rolling  is  also  caused  by  the  wheel  striking  or 
colliding  with  loose  or  projecting  stones,  which  suddenly  check* 


1.     Exaggerated  S*ctto*i  <W  Road 


the  motive  power;  the  momentum  thus  destroyed  varies  with  the 
height  of  the  stone  or  obstacle  and  is  often  considerable. 

In  both  cases  the  power  required  to  overcome  the  resistance 
is  affected  largely  by  the  diameter  of  the  wheel,  as  the  larger  the 
wheel  the  less  force  is  required  to  lift  it  over  the  obstruction  or 
to  roll  it  up  the  inclination  due 
to  the  indentation  of  the  sur- 
face. 

Illustrative  Example.  The 
power  required  to  draw  a  wheel 
over  a  stone  or  any  obstacle, 
such  as  N  in  Fig.  2,  may  be  thus 
calculated: 

Let  P  represent  the  power 
sought,  or  that  which  would 
ju>t  balance  the  weight  on  the 

point  of  the  stone,  and  the  slightest  increase  of  \\hich  \\ould  draw 
it  over.  This  power  acts  in  the  direction  ('!'  \\ii\\  tin*  lf\tTJ£f  of 
BC  or  1)E.  The  force  of  gnuity  H*  re-i-t^  in  the  dirrriion 
CB  with  the  leverage  BD.  The  equation  of  equilibrium  \\ill  be 
PxCB=n'XBD,  whence 


J      Di«ram  f  r  rsl'-'iU'ir 
IttTJir^i  •  .  !••»»  W  •  -, ' 
K.  -.-•.!.>  I-'.-    • 


?=n* 


CA-AB 
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Let  the  radius  of  the  wheel  equal  CD  »  26  inches,  and  the  height 
of  the  obstacle  equal  AB**4  inches.  Let  the  weight  ir=500 
pounds,  of  which  200  pounds  may  be  the  weight  of  the  wheel  and 
900  pounds  the  toad  on  the  axle.  The  formula  then  becomes 


26-4 


22 


*ITie  pressure  at  the  point  D  is  compounded  of  the  weight  and  the 
power,  and  equals 


Therefore  this  pressure  acts  with  this  great  effect  to  destroy  the  road 
in  its  collision  with  the  stone;  in  addition  there  is  to  be  considered 
*  the  effect  of  the  blow  given  by  the  wheel  in  descending  from  it. 
For  minute  accuracy  the  non-horizontal  direction  of  the  draft  and 
the  thickness  of  the  axle  should  be  taken  into  account.  The  power 
required  is  lessened  by  proper  springs  to  vehicles,  by  enlarged  wheels, 
and  by  making  the  line  of  draft  ascending. 

Illustrative  Example.    The  mechanical  advantage  of  the  wheel 
in  surmounting  an  obstacle  may  be  computed  from  the  principle 

of  the  lever.  Let  the  wheel, 
Fig.  3,  touch  the  horizontal  line 
of  traction  in  the  point  A  and 
meet  a  protuberance  BD.  Sup- 
pose the  line  of  draft  CP  to  be 
parallel  to  AB.  Join  CD  and 
draw  the  perpendiculars  DE  and 
DF.  We  may  suppose  the  power 
to  he  applied  at  E  and  the  weight 
at  F,  and  the  action  is  then  the 

same a>  the  l>ent  le\er  £W  turning  round  the  fulcrum  at  D.  Hence 
/'  :  I!'  ::  FD  :  DE.  But  FD  :  DE  ::  tanFCD  :  1 ;  and  tan  Ff'D  = 
tan  2  DA  It;  therefore  1>  =  W  tan  2  DAB.  Now  it  is  obvious  that  the 
an^Ic  DAB  inerea^es  as  the  radius  of  the  circle  diminishes;  there- 
fort-,  the  weight  I!"  heing-  constant,  the  po\\er  required  to  overcome 
an  obstacle  of  piu-n  height  is  diminished  when  the  diameter  is 
increased.  Lar^e  wheels  arc,  therefore,  the  be^t  adapted  for  sur- 
mounting inequalities  of  the  road. 


Fig    3      F«.n-e  Diagram  for  \M»tl  Drawn 


HIGHWAY  CONSTRUCTION 


TABLE  II 
Resistance  Due  to  Gravity  on 


Grade  1  inch  20 

Rise  in  feet  par  mile  264 
Reuintanca  m  pounds 
per  ton  100 


30 
17ft 


40 
122 

50 


50 
105 

40 


W 
58 


100 


no 

26 
10 


900  MOO 
17  j  13 

«     * 


There  are,  however,  circumstances  which  provide  finite  to 
the  height  of  the  wheeb  of  vehicles.  If  the  radius  AC  exceed* 
the  height  of  that  part  of  the  horse  to  which  the  traces  are  attached, 
the  Kne  of  traction  CP  will  be  inclined  to  the  hone,  and  part  of  the 
power  will  be  exerted  in  pressing  the  wheel  against  the  ground. 
The  best  average  size  of  wheels  is  considered  to  be  about  6  feet  in 
diameter.  Wheels  of  large  diameter  do  leas  damage  to  a  road  than 
small  ones,  and  cause  less  draft  for  the  horses.  With  the  same  load, 
a  two-wheeled  cart  does  far  more  damage  than  one  with  four  wheels, 
and  this  because  of  their  sudden  and  irregular  twisting  motion  in 
the  trackway. 

Grade  Resistance.  Grade  resistance  is  due  to  the  action  of 
gravity,  and  is  the  same  on  good  and  bad  roads.  On  level  roads 
its  effect  is  immaterial,  as  it  acts  in  a  direction  perpendicular  to 
the  plane  of  the  horizon  and  neither  accelerates  nor  retards  motion. 
On  inclined  roads  it  offers  considerable  resistance,  proportional  to 
the  steepness  of  the  incline.  The  re-i-tanc-e  due  to  gravity  <m  any 
incline  in  pounds  per  ton  is  equal  to 

2«  M  M  i 
rate  of  jrrade 

Table  II  ^iows  the  rental  ire  due  to  irravity  on  ditTt-rfiit  trades. 
The  additional  re>i stance  cau>t-d  by  iuriiiif-  ina\  U-  in\tMii:atttl 
in  the  following  illi^trated  example. 

IlJunlmtlcc  Ejrninplc.  Suppo-c  the  \\liok-  uritrht  to  K-  Imrne 
on  one  pair  of  ^ht*eK,  and  that  the  tratti\e  font-  i-  appliftl  in  a 
direction  parallel  to  the  surface  of  the  road. 

Let  AB,  Fig.  4,  represent  a  ]M.rtiuii  of  the  iin  lint-d  road,  (' 
being  a  vehicle  ju>t  si^tained  in  its  ]H»-itioii  b\  a  foi\f  iutiug  in  tlie 
direction  CD.  It  is  e\ident  that  the  vt-hiile  ia  kept  in  it=>  j^Mtitm 
by  three  forces:  namely,  by  its  own  \\t-ight  H*  ;uting  in  the  \t-rtiral 


to  the  surface  of  the  road;  and  by  the  pressure  P  which  the  vehicle 
exerts  against  the  surface  of  the  road  acting  in  the  direction  CE 
perpendicular  to  the  same*  To  determine  the  relative  magnitude 
of  these  three  forces,  draw  the  horizontal  line  AG  and  the  vertical 
fine  BG;  then,  since  the  two  fines  CF  and  BG  are  parallel  and  are 
both  oat  by  the  fine  AB,  they  must  make  the  two  angles  CFE  and 
ABG  equal;  also  the  two  angles  CEF  ami  AGB  are  equal;  there- 
fore, the  mnainiog  angles  FCE  and  BAG  are  equal,  and  the  two 
triangle*  CFE  and  ABG  are  similar.  And  as  the  three  sides  of 

the  former  are  proportional  to 
the  three  forces  by  which  the 
vehicle  is  sustained,  so  also 
are  the  three  sides  of  the  lat- 
ter; namely,  the  length  of  the 
road  AB  is  proportional  to 
W,  or  the  weight  of  the 
vehicle;  the  vertical  rise  BG 
is  proportional  to  F,  or  the 
force  required  to  sustain  the 
vehicle  on  the  incline;  and  the  horizontal  distance  AG  in  which 
the  rise  occurs  is  proportional  to  P,  or  the  force  with  which  the 
vehicle  presses  upon  the  surface  of  the  road.  Therefore, 

W:AB::F:GB 
and 

W:AB::P:AG 

If  to  AG  such  a  value  be  assigned  that  the  vertical  rise  of  the 
road  is  exactly  one  foot,  then 

_  IT__JL__ 

/=7TB=V.l^Ti  =  n  sm  A 


Ft*  4.     Foroaa  Acting  on  Vehicle  When 
Drawn  up  Inclined  Road 


and 


D 

r  = 


AB 


=  ircos  A 


in  which  A  is  the  angle  BAG. 

To  find  the  force  requisite  to  sustain  a  vehicle  upon  an  inclined  road 
(  the  effects  of  friction  being  neglected),  divide  the  weight  of  the  vehicle 
and  its  load  by  the  inclined  length  of  the  road,  the  vertical  rise  of 
which  is  one  foot,  and  the  quotient  is  the  force  required. 
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TABLE  III 
Tractive  Power  of  Horses  at  Different  Velocities 


MILES  PER  HOUE 

TRACTIVE  FORCE 
(lb) 

MILES  PER  HOUR 

TRACTIVE  FORCE 
(lb.) 

J 

333.33 

21 

Ill  11 

I' 

250 

24 

100 

li 

200 

2| 

90.91 

U 

166  66 

3 

83.33 

If 

142.86 

3i 

71.43 

2 

125 

4 

62.50 

To  find  the  pressure  of  a  vehicle  against  the  surface  of  an  inclined 
road,  multiply  the  weight  of  the  loaded  vehicle  by  the  horizontal 
length  of  the  road,  and  divide  the  product  by  the  inclined  length 
of  the  same;  the  quotient  is  the  pressure  required.  The  force 
with  which  a  vehicle  presses  upon  an  inclined  road  is  always  less 
than  its  actual  weight;  the  difference  is  so  small  that,  unless  the 
inclination  is  very  steep,  it  may  be  taken  equal  to  the  weight  of  the 
loaded  vehicle. 

To  find  the  resistance  to  traction  in  passing  up  or  down  an  incline, 
ascertain  the  resistance  on  a  level  road  having  the  same  surface  as 
the  incline,  to  which  add,  if  the  vehicle  ascends,  or.  subtract,  if 
it  descends,  the  force  requisite  to  sustain  it  on  the  incline;  the  sum 
or  difference,  as  the  case  may  be,  will  express  the  resistance. 

Tractive  Power  and  Gradients.  Although  transportation  by 
mechanically  propelled  vehicles  will  continue  to  increase,  it  is  not 
probable  that  for  many  years  it  will  become  more  important  than 
traffic  drawn  by  animals;  and  as  mechanically  propelled  vehicles 
can  ascend  any  grade  feasible  for  animals,  it  is  only  necessary  to 
discuss  the  effect  of  grades  on  horse-drawn  traffic. 

Truclhe  Power  of  Hones.  The  necessity  for  easy  grades  is 
dependent  upon  the  power  of  the  horse  to  overcome  the  resistance 
to  motion,  which  is  composed  of  four  forces,  viz,  friction,  collision, 
gravity,  aad  resistance  of  air.  All  estimates  on  the  tractive  power 
of  horses  must  to  a  certain  extent  be  vague,  owing  to  the  different 
strengths  and  speeds  of  animals  of  the  same  kind,  as  well  as  to  the 
extent  of  their  training  to  any  particular  kind  of  work. 

The  draft  or  pull  which  a  good  average  horse,  weighing  1,200 
pounds,  can  exert  on  a  level,  smooth  road  at  a  speed  of  2J  miles  per 
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TABLE  IV 
Variation  of  Tractive  Power  with  Time 


HOUBS  PBB  DAY 

TRACTIVE!  FORCE 
(lb) 

HOURS  PER  DAY 

TRACTIVE  FORCE 
(lb.) 

10 

100 

7 

1469 

9 

lilt 

6 

166i 

8 

125 

5 

200 

NOTE:  The  tractive  power  of  teams  may  be  found  by  multiplying  the 
above  values  by  the  following  constants: 

1  horse  =1 

2  horses    0  95X2  =  1.90 

3  horses    0  85X3=2.55 

4  horses    0.80X4=3.20 

hour  is  100  pounds;  which  is  equivalent  to  22,000  foot-pounds  per 
minute,  or  13,200,000  foot-pounds  per  day  of  10  hours.  The  tractive 
power  diminishes  as  the  speed  increases  and,  perhaps,  within 
certain  limits,  say  from  f  mile  to  4  miles  per  hour,  nearly  in  inverse 
proportion  to  it.  Thus  the  average  tractive  force  of  a  horse,  on  a 
level,  and  actually  pulling  for  10  hours,  may  be  assumed  approx- 
imately as  shown  in  Table  III. 

The  work  done  by  a  horse  is  greatest  when  the  velocity  with 
which  he  moves  is  one-eighth  of  the  greatest  velocity  with  which 
he  can  move  when  unloaded;  and  the  force  thus  exerted  is  0.  ir> 
of  the  utmost  force  that  he  can  exert  at  a  dead  pull.  The  tracti\e 
power  of  a  horse  may  be  increased  in  about  the  same  proportion 
as  the  time  is  diminished,  so  that  when  working  from  .">  to  10  hour-, 
on  a  level,  it  will  be  about  as  shown  in  Table  IV. 

Loss  of  Tractive  Poiccr  on  Incline.*.  In  ascending  inclines  a 
horse's  power  diminishes  rapidly;  a  large  portion  of  hu  strength  U 
expended  in  overcoming  the  resistance  of  gra\ity  due  to  hu  o\\n 
weight  and  that  of  the  load.  Table  V  shews  that  as  the  Meepne^ 
of  the  grade  increases,  the  efficiency  of  both  the  hor>e  and  the  road 
surface  diminishes;  that  the  more  of  the  horde's  energ\  \\liich  i^ 
expended  in  overcoming  gravity,  the  Ie^  remains  to  o\ercomr  tin- 
surface  resistance. 

Table  VI  shows  the  gross  load  \\hich  an  a\crage  hoi'M-,  \seighing 
1,200  pounds,  can  draw  on  dill'ereiit  kinds  of  road  surface^,  on  a 
level  and  on  grades  rising  5  and  10  feet  per  100  feet. 
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TABLE  V 

Effects  of  Grades  upon  the  Load  a  Horse  Can  Draw  on  Different 

Pavements 


GRADE 

EARTH 

BROKEN  STONE 

STONE  BLOCKS 

ASPHALT 

Level 

1  00 

1  00 

1   00 

1.00 

1     100 

.80 

.66 

.72 

.41 

2     100 

.66 

.50 

.55 

.25 

3     100 

.55 

.40 

.44 

.18 

4     100 

.47 

.33 

.36 

.13 

5     100 

.41 

.29 

.30 

.10 

10     100 

.26 

.16 

.14 

.04 

15     100 

.10 

.05 

.07 

20     100 

.04 

.03 

The  decrease  in  the  load  which  a  horse  can  draw  upon  an  incline 
is  not  due  alone  to  gravity;  it  varies  with  the  amount  of  foothold 
afforded  by  the  road  surface.  The  tangent  of  the  angle  of  inclination 
should  not  be  greater  than  the  coefficient  of  tractional  resistance. 
Therefore,  it  is  evident  that  the  smoother  the  road  surface,  the  easier 
should  be  the  grade;  the  smoother  the  surface  the  less  the  foothold, 
and  consequently  the  less  the  possible  load. 

The  loss  of  tractive  power  on  inclines  is  greater  than  any  inves- 
tigation will  show;  for,  besides  the  increase  of  draft  caused  by 
gravity,  the  power  of  the  horse  is  much  diminished  by  fatigue  upon 
a  long  ascent,  and  even  in  greater  ratio  than  man,  owing  to  its 
anatomical  formation  and  great  weight.  Though  a  horse  on  a 
level  is  as  strong  as  five  men,  on  a  grade  of  15  per  cent,  it  is  less 
strong  than  three;  for  three  men  carrying  each  100  pounds  will 
ascend  such  a  grade  faster  and  with  less  fatigue  than  a  horse  with 
300  pounds. 

A  horse  can  exert  for  a  short  time  twice  the  average  tractive 
pull  which  he  can  exert  continuously  throughout  the  day's  \\ork; 
hence,  so  long  as  the  resistance  on  the  incline  is  not  more  than  double 
the  resistance  on  the  le\el,  the  horse  will  be  able  to  take  up  the  full 
load  which  he  is  capable  of  drawing. 

Steep  grades  are  thus  seen  to  be  objectionable,  and  particularly 
so  \\hen  a  single  one  occurs  on  an  otherwise,  comparatively  level 
road,  in  which  case  the  load  carried  over  the  less  inclined  portions 
must  l)e  reduced  to  what  can  be  hauled  up  the  steeper  portion. 

Tho  h;ul  pflW'K  nf  strcn  *>r!)des  nro  esneciallv  felt  in  winter. 
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TABLE  VI 
Gross  Loads  for  Horse  on  Different  Pavements  on  Different  Grades 


DESCRIPTION  OF  SURFACE 

LEVEL 

GRADE 
(5  per  cent) 

GRADE 
(10  per  cent) 

A  QY\Vlolf 

13  216 

Broken  stone  (best  condition) 

6,700 

1,840 

1,060 

Broken  stone  (slightly  muddy) 
Broken  stone  (ruts  and  mud) 

4,700 
3,000 

1,500 
1,390 

1,000 
890 

Broken  stone  (very  bad  condition) 

1,840 

1,040 

740 

Earth  (best  condition) 

3,600 

1,500 

930 

Earth  (average  condition) 

1,400 

900 

660 

Earth  (moist  out  not  muddy) 
Stone-block  pavement  (dry  and  clean) 
Stone-block  pavement  (muddy) 

1,100 
8,300 
6,250 

780 
1,920 
1,800 

600 
1,090 
1,040 

Sand  (wet) 

1,500 

675 

390 

Sand  (dry) 

1,087 

445 

217 

when  ice  covers  the  roads,  for  the  slippery  condition  of  the  surface 
causes  danger  in  descending,  as  well  as  increased  labor  in  ascending; 
during  heavy  rains  the  water  also  runs  down  the  road  and  pulleys 
it  out,  destroying  its  surface,  thus  causing  a  constant  expense  for 
repairs.  The  inclined  portions  are  subject  to  greater  wear  from 
horses  ascending,  thus  requiring  thicker  covering  than  the  more 
level  portions,  and  hence  increasing  the  cost  of  construction. 

It  will  rarely  be  possible,  except  in  a  flat  or  comparati\ely  le\el 
country,  to  combine  easy  grades  with  the  best  and  most  direct 
route.  These  two  requirements  will  often  conflict.  In  such  u  ca.se, 
increase  the  length  of  the  road.  The  proportion  of  this  increase 
will  depend  upon  the  friction  of  the  co\ering  \\hich  is  adopted. 
But  no  general  rule  can  be  given  to  meet  all  cases  as  respects  tin- 
length  which  may  thus  be  added,  for  the  comparati\ e  time  occupied 
in  making  the  journey  forms  an  important  element  in  any  ca-.e 
which  arises  for  settlement.  Disregarding  time,  the  bori/ontal 
length  of  a  road  may  be  increased  to  a\oid  a  .">  per  cent  ^radr,  ,sc\ent\ 
times  the  height. 

Table  VII  shows,  for  most  practical  purposes,  the  force  required 
to  draw  loaded  vehicles  over  inclined  roads.  In  the  fifth  column 
the  length  given  is  the  length  \\hich  would  require  the  .same  inoti\e 
power  to  be  expended  in  drawing  the  load  o\er  it,  as  \\ould  be 
necessary  to  draw  over  a  mile  of  the  inclined  road.  The  loads 
orivpn  in  thp  sixth  pohirrm  nre  the  maximum  loads  \\hich  a  \eraire 
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TABLE  VII 
Data  for  Loaded  Vehicles  over  Inclined  Roads 


Rate  of  Grade 
(ft.  per  100 

Pressure  on 
Plane 
(Ib  per  ton) 

Tendency 
down  Plane 
(Ib.  per  ton) 

Power 
Required  to 
Haul  1  Ton 
up  Plane 
(Ib) 

Equivalent 
Length  of 
Level  Road 
(mi) 

Maximum 
Load  Horse 
Can  Haul 
(Ib.) 

0.00 

2240 

.00 

45  00 

1.000 

6270 

0.25 

2240 

5.60 

50  60 

1.121 

5376 

0.50 

2240 

11.20 

56  20 

1  242 

4973 

0.75 

2240 

16  80 

61  80 

1.373 

4490 

1.00 

2240 

22.40 

67  40 

1.500 

4145 

1.25 

*2240 

28  00 

73  00 

1.622 

3830 

1.50 

2240 

33.60 

78  60 

1.746 

3584 

1.75 

2240 

39.20 

84  20 

1  871 

3290 

2.00 

2240 

45.00 

90  00 

2.000 

3114 

2  25 

2240 

50  40 

95  40 

2.120 

2935 

2.50 

2240 

56.00 

101.00 

2.244 

2725 

2  75 

2240 

61  33 

106.33 

2.363 

2620 

3.00 

2239 

67.20 

112.20 

2.484 

2486 

4  00 

2238 

89.20 

134  20 

2.982 

2083 

5.00 

2237 

112  00 

157.00 

3  444 

1800 

6  00 

2233 

134.40 

179.40 

3  986 

1568 

7  00 

2232 

156  80 

201.80 

4.844 

1367 

8  00 

2232 

179  20 

224.20 

4  982 

1235 

9  00 

2231 

201  60 

246  60 

4.840 

1125 

10  00 

2229 

224  00 

269  00 

5  977 

1030 

*  Near  enough  for  practice;  actually  2239  888 
Pressure  on  plane  =  weight Xnat  cos  of  angle  of  plane 

horses  weighing  1,200  pounds  can  draw  over  such  inclines,  the  friction 
of  the  surface  being  taken  at  TV  of  the  load  drawn. 

Axle  Friction.  The  resistance  of  the  hub  to  turning  on  the 
axle  is  the  same  as  that  of  a  journal  revolving  in  its  bearing,  and  has 
nothing  to  do  with  the  condition  of  the  road  surface.  The  coefficient 
of  journal  friction  varies  with  the  material  of  the  journal  and  its 
bearing,  and  with  the  lubricant.  It  is  nearly  independent  of  the 
velocity,  and  seems  to  vary  about  inversely  as  the  square  root  of  the 
pressure.  For  light  carriages  when  loaded,  the  coefficient  of  friction 
is  about  0.020  of  the  weight  on  the  axle;  for  the  ordinary  thimble- 
skein  wagon  when  loaded,  it  is  about  0.012.  These  coefficients  are 
for  good  lubrication;  if  the  lubrication  is  deficient,  the  axle  friction 
is  2  to  G  times  as  much  as  above. 

The  tractive  power  required  to  overcome  the  above  axle  friction 
for  carriages  of  the  usual  proportions  is  about  3  to  «'>J  pounds  per 
ton  of  the  weight  on  the  axle;  and  for  truck  wagons,  which  have 

nuwliiim  Qiv^l  ivliP^k  nnrl  nvlps.  it  is  flhoilt  3^  to  4*  DOUnds  Der  toil. 
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TABLE  VIII 
Wind  Pressure  for  Various  Vehicles 


DESCRIPTION 

VELOCITY  ov  WIND 
(mi  per  hour) 

WIND  PRKHHI'KK 
(11)   por  H<I   ft  ) 

Pleasant  breeze 

15 
20 

1   107 
1   9«8 

Brisk  gale 

25 

3  075 

30 

4  428 

High  wind 

35 

6.027 

40 

7.782 

Very  high  wind 

45 

9  903 

Storm 

50 

12  300 

Effect  of  Springs  on  Vehicles.  Experiments  have  shown  that 
springs  mounted  in  vehicles  materially  decrease  the  resistance  to 
traction  and  diminish  the  effects  caused  in  the  vertical  plane  In- 
n-regularities of  the  surface;  but  they  do  not  diminish  the  horizontal 
component  which  is  the  one  that  causes  the  greatest  wear  of  the 
road,  especially  at  speeds  beyond  a  walking  pace.  The  vehicles 
with  springs  were  found  not  to  cause  more  wear  \sith  the  horses 
going  at  a  trot  than  vehicles  without  springs  when  the  hordes  \\ere 
walking,  all  other  conditions  being  similar.  Vehicles  \\ith  spring 
improperly  fixed  cause  considerable  concussion  \\hieh,  in  turn, 
destroys  the  road  covering. 

Resistance  of  Air.  The  resistance  arising  from  the  force  of 
the  wind  will  vary  with  the  velocity  of  the  \\ind,  \\itli  the  \cloeit\ 
of  the  vehicle,  with  the  area  of  the  surface  acted  upon,  and  ah«> 
with  the  angle  of  incidence  of  direction  of  the  \\ind  \\iili  the  phme 
of  the  surface.  Table  VIII  gi\c*  the  force  per  .square  font  I'm- 
various  velocities. 

LOCATION  OF  RO\I)S 

The  considerations  go\erning  tin*  location  of  lo.id.  arc 
dependent  upon  the  commercial  condition  of  the  count  r\  ti>  he  t  ra\  - 
erscd.  In  old  and  long-inhabited  sections,  the  controlling  element 
\\ill  be  the  character  of  the  trallie  to  be  aceoinniod,it<  d  In  MH  h 
a  section,  the  route  is  generally  predetermined  and,  therefore,  then- 
is  les.-  liberty  of  choice  and  selection  than  in  a  new  and  spar-d\ 
settled  district,  \\here  the  object  is  to  establish  the  casic-t,  .shortest, 
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and  most  economical  line  of  intercommunication  according  to 
the  physical  character  of  the  ground. 

Whichever  of  these  two  cases  may  have  to  be  dealt  with,  the 
same  principle  governs  the  engineer,  namely,  so  to  lay  out  the  road 
as  to  effect  the  conveyance  of  the  traffic  with  the  least  expenditure 
of  motive  power  consistent  with  economy  of  construction  and  main- 
tenance. 

Economy  of  motive  power  is  promoted  by  easy  grades,  by  the 
avoidance  of  all  unnecessary  ascents  and  descents,  and  by  a  direct 
line;  but  directness  must  be  sacrificed  to  secure  easy  grades  and  to 
avoid  expensive  construction. 

RECONNOISSANCE 

Object  of  Reconnoissance.  The  selection  of  the  best  route 
demands  much  care  and  consideration  on  the  part  of  the  engineer. 
To  obtain  the  requisite  data  upon  which  to  form  his  judgment, 
he  must  make  a  personal  reconnoissance  of  the  district.  This 
requires  that  the  proposed  route  be  either  ridden  or  walked  over 
and  a  careful  examination  made  of  the  principal  physical  contours 
and  natural  features  of  the  district.  The  amount  of  care  demanded 
and  the  difficulties  attending  the  operations  will  altogether  depend 
upon  the  character  of  the  country.  The  immediate  object  of  the 
reconnoissance  is  to  select  one  or  more  trial  lines,  from  which  the 
final  route  may  be  ultimately  determined.  When  there  are  no 
maps  of  the  section  traversed,  or  when  those  which  can  be  procured 
are  indefinite  or  inaccurate,  the  work  of  reconnoitering  will  be  much 
increased. 

Points  to  Consider.  In  making  a  reconnoissance  there  are  several 
points  which,  if  carefully  attended  to,  will  very  considerably  lessen 
the  labor  and  time  otherwise  required.  Lines  which  would  run  along 
the  immediate  bank  of  a  large  stream  must  of  necessity  intersect 
all  the  tributaries  confluent  on  that  bank,  thereby  demanding  a 
corresponding  number  of  bridges.  Those,  again,  which  are  situated 
along  the  slopes  of  hills  are  more  liable  in  rainy  weather  to  suffer 
from  the  washing  away  of  the  earthwork  and  the  sliding  of  the 
embankments;  the  others  which  arc  placed  in  vallc\  s  or  on  elevated 
plateaux,  when  the  line  crosses  the  ridges  dividing  the  principal 
watercourses,  will  have  steen  ascents  and  descents. 
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In  making  an  examination  of  a  tract  of  country,  the  first  point 
to  attract  notice  is  the  unevenness  or  undulation  of  its  surface, 
which  appears  to  be  entirely  without  system,  order,  or  arrangement; 
but  upon  closer  examination  it  will  be  perceived  that  one  general 
principle  of  configuration  obtains  even  in  the  most  irregular  countries. 
The  country  is  intersected  in  various  directions  by  main  watercourses 
or  rivers,  which  increase  in  size  as  they  approach  the  point  of  their 
discharge.  Towards  these  main  rivers  lesser  rivers  approach  on 
both  sides,  running  right  and  left  through  the  country,  and  into 
these,  again,  enter  still  smaller  streams  and  brooks.  The  streams 
thus  divide  the  hills  into  branches  or  spurs  having  approximately 
the  same  direction  as  themselves,  and  the  ground  falls  in  every 
direction  from  the  main  chain  of  hills  towards  the  watercourses, 
forming  ridges  more  or  less  elevated. 

The  main  ridge  is  cut  down  at  the  heads  of  the  streams  into 
depressions  called  gaps  or  passes;  the  more  elevated  points  are 
called  peaks.  The  water  which  has  fallen  upon  these  peaks  is  the 
origin  of  the  streams  which  have  hollowed  out  the  valleys.  Further- 
more, the  ground  falls  in  every  direction  towards  the  natural  water- 
courses, forming  ridges  more  or  less  elevated  running  between  them 
and  separating  from  each  other  the  districts  drained  by  the  streams. 

The  natural  watercourses  mark  not  only  the  lowest  lines,  but 
the  lines  of  the  greatest  longitudinal  dope  in  the  \alle\s  through 
which  they  flow.  The  direction  and  position  of  the  principa  I  streams 
give  also  the  direction  and  approximate  position  of  the  high  ground 
or  ridges  which  lie  between  them.  The  positions  of  the  tributaries 
to  the  larger  stream  generally  indicate  the  points  of  greatest  depre.- 
sioii  in  the  summits  of  the  ridges  and,  therefore,  the  points  at  uhich 
lateral  communication  across  the  high  ground  separating  con- 
tiguous valleys  can  be  most  readily  made. 

Instruments  Used.  The  instruments  employed  in  reconnoiter- 
ing  arc:  the  compass,  which  is  used  to  ascertain  direction;  the 
aneroid  barometer,  to  fix  the  approximate  elc\ation  of  summits, 
etc.;  and  the  hand  leirl,  to  ascertain  the  ele\ation  of  neighboring 
points.  If  a  vehicle  can  be  used,  an  odometer  may  be  added,  but 
distances  can  usually  be  guessed  or  ascertained  by  time  estimates 
closely  enough  for  preliminary  purposes.  The  best  maps  obtainable 
and  traveling;  companions  who  possess  a  local  kiKwluiliru  of  flu; 
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country,  together  with  the  above  outfit,  are  all  that  will  be  necessary 
for  the  first  inspection. 

PRELIMINARY  SURVEY 

The  routes  selected  through  the  reconnoissance  are  examined 
in  detail  by  a  survey  called  a  "preliminary  survey"  from  the  results 
of  which  the  exact  location  can  be  determined. 

Features  to  Be  Considered.  In  making  the  preliminary  survey, 
the  topographical  features  are  noted  to  the  right  and  left  of  the 
transit  line  for  a  convenient  distance.  The  data  required  for  drawing 
the  topography  are  obtained  by  levels  taken  with  a  leveling  instru- 
ment or  with  a  transit  provided  with  stadia  wires,  on  lines  per- 
pendicular to  the  transit  line  of  the  survey.  The  location  of  build- 
ings, fences,  streams,  roads,  railroads,  and  other  objects,  is  determined 
by  measurements  made  with  a  tape  on  lines  perpendicular  to  the 
survey  line;  or,  when  the  distance  to  the  object  required  is  con- 
siderable, the  location  is  found  by  angles  measured  from  two  stations 
on  the  transit  line  and  the  distance  is  measured  by  stadia.  The 
following  information  is  also  noted:  the  importance,  magnitude, 
and  direction  of  the  streams  crossed;  the  character  of  the  material 
to  be  excavated  or  available  for  embankments;  the  position  of 
quarries;  the  mode  of  access  thereto,  and  the  kind  of  stone;  the  posi- 
tion of  unloading  points  on  railroads;  and  any  other  information 
that  might  affect  a  selection. 

Topography.  Levels.  Levels  should  be  taken  along  the  course 
of  each  line,  usually  at  every  100  feet,  or  at  closer  intervals, 
depending  upon  the  nature  of  the  country.  In  taking  the  levels,  the 
heights  of  all  existing  roads,  railroads,  rivers,  or  canals  should  be 
noted.  "Bench  marks"  should  be  established  at  least  every  half 
mile,  that  is,  marks  made  on  any  fixed  object,  such  as  a  gate  post, 
side  of  a  house,  or,  in  the  absence  of  these,  a  cut  made  on  a  large 
tree.  The  height  and  exact  description  of  each  bench  mark  should 
be  recorded  in  the  level  book. 

Cross  Leeds.  Wherever  considered  necessary,  levels  at  right 
angles  to  the  center  line  should  be  taken.  These  will  be  found 
useful  in  showing  what  effect  a  deviation  to  the  right  or  left  of  the 
surveyed  line  would  have.  Cross  levels  should  be  taken  at  the 
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Fig.  5.    Contour  Map  Uacd  m  K...i«l  Sur\  -\  * 
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any,  these  levels  will  have  to  be  altered  to  suit  the  levels  of  the 
proposed  road. 

Contours.  The  levels  of  the  transit  and  cross  lines  are  worked 
into  a  map  that  shows  the  irregularities  of  the  ground  with  reference 
to  its  elevations  and  depressions.  Various  methods  are  employed 
for  delineating  these  upon  paper.  For  the  purpose  of  the  engineer 
the  method  of  contours,  Fig.  5,  is  the  most  serviceable,  since  by 
it  the  true  shape  of  the  hills  and  valleys  can  be  shown. 

Contours  are  lines  drawn  through  the  points  of  equal  altitude; 
that  is,  every  point  of  the  ground  over  which  a  contour  line  passes 
is  at  a  certain  height  above  a  known  fixed  plane  called  the  "datum". 


VIK    <>      DuiKruin  Showing  Method  of  '•     ••    \      i      L'  Elevation  of  Successive 
Contours  of  I       ••        !.'• 

Mean  sea  level  is  the  datum  plane  universally  employed;  when 
this  cannot  be  conveniently  used,  an  arbitrary  plane  is  adopted 
which  is  below  the  lowest  point  in  the  territory  under  survey. 

The  difference  of  elevation  between  adjacent  contour  lines 
is  called  the  ''contour  interval";  this  may  be  one,  five,  ten,  or  more, 
feet.  Whatever  the  difference  adopted,  it  must  be  constant  for 
all  contours  on  the  same  map.  Contours  are  designated  by  their 
height,  expressed  in  feet,  above  the  datum  plane.  The  elevation 
of  each  contour  is  sho\\n  in  figures  at  points  close  enough  together 
to  allow  the  e\  e  to  run  from  one  to  the  other  with  ease.  It  is  best 
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Fig.  7.    Method  of  Showing  Contours  of  Banks 
of  Streams 


written  alongside,  the  numbers  should  be  placed  on  the  higher 
side  of  the  contour. 

The  theory  of  contours  is  given  in  order  that  no  error  will  be 

made  by  supposing  the 
slope  of  the  ground  from  a 
point  in  one  contour  to  a 
point  in  the  next,  to  be  a 
straight  line.  The  less  the 
contour  interval,  the  less 
error  will  be  made.  If  in 
Fig.  6  the  curved  line  AB 
represents  the  actual  surface 
of  the  ground,  and  points 
1,  S,  5,  the  elevation  of  suc- 
cessive contours,  the  broken 
line  1,  8, 5  will  represent  the 
assumed  ground  surface,  and  its  departure  from  the  line  A  B  is  the 
error  introduced.  If  now  the  points  #,  4,  &  are  also  determined, 
or  the  contour  intervals  be  reduced  one-half,  the  assumed  slope 

is  1,  2,  S,  4,  6,  6',  which 
differs  less  from  the  line 
AB  than  the  line  /,  3,  5, 
and  hence  introduces  less 
error.  \Vith  points  deter- 
mined at  \cry  short  inter- 
\als,  the  error  is  practically 
eliminated. 

A  knowledge  of  the 
shape  of  the  ground  is 
ohtaiued  from  the  dimmer 
of  the  contours  from  one 
another.  The  .steeper  the 
slope's,  the  clo-er  \\ill  the 

of  Showing  rinidiiir  of  Small  *,  mi  mi  re    lu>  If     in     M      Mil 

Mii-umor  I>i>   Itivi-i  Bui  (OlltOUIs.    1)1  .         II      111     <l      Hill 

the  upper  contour**,  near  the 

summit,  are  closer  together  than  tho.se  near  the  bottom,  the  inter- 
vening ground  is  concave;  if  the  lower  contours  are  closer  than  the 
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Every  contour  must  close  upon  itself  in  a  loop  or  else  must 
extend  unbroken  from  one  point  on  the  margin  of  the  map  to  some 
other  point  on  the  margin.  An  exception  is  made  in  the  case  of 
large  streams,  the  contour  on  each  bank  being  carried  up-stream 
until  it  cuts  the  water  surface,  when  it  is  dropped,  as  shown  in  Fig.  7. 
In  a  small  stream  or  dry  bed,  the  contour  crosses  at  the  point  where 
the  elevation  of  the  bed  is  that  of  the  contour,  as  shown  in  Fig.  8. 

100 

90 


Fi«    9      Tvpicsil  Profile  as  Obtained  from  Contour  Map 

Profile.  A  profile  is  a  longitudinal  section  of  the  route.  The 
profile  in  any  given  direction  is  easily  made  from  the  contour  map 
in  the  manner  shown  in  Fig.  9.  Assuming  that  a  profile  is  required 
along  the  line  AB,  the  contours  show  that  the  ground  rises  from 
A  to  li,  and  also  that  a  small  isolated  elevation  occurs  at  C.  The 
short  distance  between  the  contours  near  B  indicates  that  the 
rise  is  steep.  To  obtain  the  profile,  draw  parallel  lines  at  a  distance 
apart  equal  to  the  vertical  interval  between  the  contours  on  any 
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with  the  numbers  on  the  contours. 
From  each  point  on  the  line  AB, 
where  it  intersects  a  contour,  draw 
vertical  lines  to  intersect  the  corre- 
sponding horizontal  line.  Connect 
the  several  points  thus  found,  remem- 
bering the  distinction  between  convex 
and  concave  surfaces.  The  profile 
thusobtained  gives  the  relative  heights 
of  different  points  in  the  line  AB, 
but  it  does  not  give  the  true  gradient. 
The  true  gradient  cannot  be  repre- 
sented accurately  unless  the  vertical 
intervals  are  drawn  on  the  same  scale 
as  the  horizontal  scale  of  the  map. 
If  this  is  done,  the  elevations  will 
generally  be  so  minute  that  the 
profile  will  not  give  a  sufficiently 
striking  representation  of  the  surface 
features.  It  is,  therefore,  necessary 
to  exaggerate  the  vertical  scale  in  a 
certain  fixed  proportion.  A  comen- 
ient  scale  is  400  feet  hori/ontal  and 
40  feet  vertical.  A  t\pical  prelimi- 
nary profile,  \\ith  all  the  information 
\\hicliitissnpposed  to  ^ri\  e,  i .  sho\\n 
in  I'V  10. 

Map.  The  map,  Ki^.  1  1 ,  ^honld 
show  the  lengths  and  direction  of 
the  diU'erent  portions  of  the  line, 
the  topo^rapln  ,  ri\ crs,  \\ater-<  onr^e-, 
roads,  railroads,  and  other  matter^ 
of  interest,  such  as  toun  and  count  \ 
lines,  di\  idin#  lines  bet  uccn  property  , 
limbered  and  enlti\ated  lands,  etc. 
\nycon\enient  .scale  may  be  adopted; 
100  feet  to  an  inch  \\ill  he  found  the 
most  Useful. 
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c.y/c    400*  1  Ir^h 
1 1       T\  pu  M!  M:u>  Sli«.\unK  T-;ivout  in  tin-  T?cKinn  of  the  Vioposcd  T?t,i.«l 
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Memoir.  The  descriptive  memoir  should  give  with  minute- 
ness all  information,  such  as  the  nature  of  the  soil,  character  of  the 
several  excavations  whether  earth  or  rock,  and  such  particular 
features  as  cannot  be  clearly  shown  upon  the  map  or  profile.  Special 
information  should  be  given  regarding  the  rivers  crossed,  as  to  their 
width,  depth  at  highest  known  flood,  velocity  of  current,  character 
of  banks  and  bottom,  and  their  angle  of  skew  with  the  line  of  road. 
.  Bridge  Sites.  The  question  of  choosing  the  site  of  bridges  is 
an  important  one.  If  the  selection  is  not  restricted  to  a  particular 
point,  the  river  should  be  examined  for  a  considerable  distance 
above  and  below  what  would  be  the  most  convenient  point  for 
crossing;  and  if  a  better  site  is  found,  the  line  of  the  road  must  be 
made  subordinate  to  it.  If  several  practicable  crossings  exist,  they 
must  be  carefully  compared  in  order  to  select  the  one  most 
advantageous.  The  following  are  controlling  conditions:  (1)  Good 
character  of  river  bed,  affording  a  firm  foundation.  If  rock  is 
present  near  the  surface  of  the  river  bed,  the  foundation  will  be 
easy  of  execution,  and  stability  and  economy  will  be  insured.  (2) 
Stability  of  river  banks,  thus  securing  a  permanent  concentration 
of  the  waters  in  the  same  bed.  (3)  Axis  of  bridge  at  ri^ht  angles 
to  direction  of  current.  (4)  Bends  in  rivers,  not  being  suitable 
localities,  to  be  avoided  if  possible.  A  straight  reach  above  the 
bridge  should  be  secured  if  possible. 

FINAL  SELECTION  OF  ROUTE 

Elements  Entering  into  Choice.    In  making  the  final  selection, 
the  following  principles  should  be  observed  as  far  as  practicable: 

(1)  To  follow  that  route  which  att'ords  the  easiest  grades. 
The  easiest  grade  for  a  given  road  will  depend  on  the  kind  ofcmerin^ 
adopted  for  its  surface. 

(2)  To  connect  the  places  by  the  shortest  and   nio^t   direct 
route  commensurate  with  easy  grades. 

(3)  To  avoid  all  unnecessary  ascents  and  descents.     When  ;i 
road  is  encumbered  with  useless  ascents,  the  wasteful  expenditure 
of  power  is  considerable. 

(4)  To  give  the  center  line  such  a  position,  \\ith  reference  to 
the  natural  surface  of  the  ground,  that  the  cost  of  construction 
shall  be  reduced  to  the  smallest  possible  amount. 
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(5)  To  cross  all  obstacles,  where  structures  are  necessary,  as 
nearly  as  possible  at  right  angles.    The  cost  of  skew  structures 
increases  nearly  as  the  square  of  the  secant  of  the 'obliquity. 

(6)  To  cross  ridges  through  the  lowest  pass  which  occurs. 

(7)  To  cross  either  under  or  over  railroads;  for  grade  crossings 
mean  danger  to  every  user  of  the  highway. 

Treatment  of  Typical  Cases 

Connecting  Two  Towns  in  Same  or  Adjacent  Valleys.    In 

laying  out  the  line  of  a  road,  there  are  three  cases  which  may  have 
to  be  treated,  and  each  of  these  is  exemplified  in  the  contour  map, 
Fig.  5.  First,  the  two  places  to  be  connected,  as  the  towns  A  and  B 
on  the  plan,  may  both  be  situated  in  the  same  valley,  and  upon  the 
same  side  of  it;  that  is,  they  are  not  separated  from  each  other  by 
the  main  stream  which  drains  the  valley.  This  is  the  simplest 
case.  Second,  although  both  in  the  same  valley,  the  two  places 
may  be  on  opposite  sides  of  the  valley,  as  at  A  and  C,  being  sep- 
arated by  the  main  river.  Third,  the  two  places  may  be  situated 
in  different  valleys,  separated  by  an  intervening  ridge  of  ground 
more  or  less  elevated,  as  at  A  and  D.  In  laying  out  an  extensive 
line  of  road,  it  frequently  happens  that  all  these  cases  have  to  be 
dealt  with.  The  most  perfect  road  is  that  of  which  the  course 
is  perfectly  straight  and  the  surface  practically  level;  and,  all  other 
things  being  the  same,  the  best  road  is  that  which  answers  nearest 
to  this  description. 

fV/.sr  1.  Now,  in  the  lirst  case,  that  of  the  two  towns  situated 
OH  the  same  side  of  the  main  \alley,  there  are  two  methods  which 
may  be  pursued  in  forming  a,  communication  between  them.  A 
road  following  the  direct,  line  between  them,  shown  by  the  thick 
dotted  line  All,  may  he  made,  or  a  line  may  be  adopted  which 
will  gradually  and  equally  incline  from  one  town  to  another,  sup- 
posing them  to  he  at  different  levels;  or,  if  they  are  on  the  same  level, 
the  line  should  keep  at  that  lex  el  throughout  its  entire  course, 
following  all  the  sinuosities  and  curves  which  the  irregular  formation 
of  the  country  may  render  necessary  for  the  fulfillment  of  these 
conditions.  According  to  the  first  method,  a  level  or  uniformly 
inclined  road  might  be  made  from  one  to  the  other;  this  line 
would  cross  all  the  valle\s  and  streams  which  run  down  to  the 
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main  river,  thus  necessitating  deep  cuttings,  heavy  embankments, 
and  numerous  bridges;  or  these  expensive  works  might  be  avoided 
by  following  the  sinuosities  of  the  valley.  When  the  sides  of  the 
main  valley  are  pierced  by  numerous  ravines  with  projecting  spurs 
and  ridges  intervening,  instead  of  following  the  sinuosities,  it  will 
be  found  better  to  make  a  nearly  straight  line  cutting  through 
the  projecting  points  in  such  a  way  that  the  material  excavated 
should  be  just  sufficient  to  fill  the  hollows. 

Of  all  these,  the  best  is  the  straight  uniformly  inclined  or  level 
road,  although  at  the  same  time  it  is  the  most  expensive.  If  the 
importance  of  the  traffic  passing  between  the  places  is  not  sufficient 
to  warrant  so  great  an  outlay,  it  will  become  a  matter  of  consider- 
ation whether  the  course  of  the  road  should  be  kept  straight, "its 
surface  being  made  to  undulate  with  the  natural  face  of  the  country; 
or  whether,  a  level  or  equally  inclined  line  being  adopted,  the  course 
of  the  road  should  be  made  to  deviate  from  the  direct  line  and  follow 
the  winding  course  which  such  a  condition  is  supposed  to  necessitate. 

Case  2.  In  the  second  case,  that  of  two  places  situated  on 
opposite  sides  of  the  same  valley,  there  is,  in  like  manner,  the  choice 
of  a  perfectly  straight  line  to  connect  them,  which  would  probably 
require  a  big  embankment  if  the  road  were  kept  level;  or  steep 
inclines  if  it  followed  the  surface  of  the  country;  or  by  winding 
the  road,  it  might  be  carried  across  the  valley  at  a  higher  point, 
where,  if  the  level  road  be  taken,  the  embankment  would  not  be 
so  high,  or,  if  kept  on.  the  surface,  the  inclination  would  be  reduced. 

Case  3.  In  the  third  ease,  there  is,  in  like  manner,  the  alter- 
native of  carrying  the  road  across  the  intervening  ridge  in  ji  perfectly 
straight  line,  or  of  deviating  it  to  the  right  and  left,  and  crossing 
the  ridge  at  a  point  where  the  elevation  is  less.  The  proper  deter- 
mination of  the  question  which  of  these  courses  is  the  best  under 
certain  circumstances  involves  a  consideration  of  the  comparative 
advantages  and  disadvantages  of  inclines  and  nines.  What 
additional  increase  in  the  length  of  the  road  would  l>e  equi\alent 
to  a  given  inclined  plane  upon  it;  or  conversely,  \\liat  inclination 
might  be  given  to  a  road  as  an  equivalent  to  ti  gi\eu  <Iccrca.se  in 
its  length?  To  satisfy  this  question,  the  comparathe  force  required 
to  draw  different  vehicles  with  given  loads  must  be  knouu,  both 
upon  level  and  variously  inclined  roads. 


HIGHWAY  CONSTRUCTION  25 

The  route  which  will  give  the  most  general  satisfaction  consists 
in  following  the  valleys  as  much  as  possible  and  rising  afterward 
by  gentle  grades.  This  course  traverses  the  cultivated  lands, 
regions  studded  with  farmhouses  and  factories.  The  value  of  such 
a  line  is  much  more  considerable  than  that  of  a  route  by  the  ridges. 
The  watercourses  which  flow  down  to  the  main  valley  are,  it  is 
true,  crossed  where  they  are  the  largest  and  require  works  of  large 
dimensions,  but  also  they  are  fewer  in  number. 

Treatment  of  Intermediate  Towns.  Suppose  that  it  is  desired 
to  construct  a  road  between  two  distant  towns,  A  and  5,  Fig.  12, 
and  let  us  for  the  present  neglect  altogether  the  consideration  of 
the  physical  features  of  the  intervening  country,  assuming  that  it 
is  equally  favorable  whichever  line  we  select.  Now  at  first  sight 
it  would  appear  that,  under  such  circumstances,  a  perfectly  straight 
line  drawn  from  one  town  to 
the  other  would  be  the  best 
that  could  be  chosen.  On  /' 

more    careful    examination,  / 

however,  of  the  locality,  we  / 

may   find   that   there    is    a       / j NX 

third  town  C,  situated  some-       a  n  B 

Fig    12.     Diagram  Showing  Mc'thorl  of  Dolor- 
Wliat     On     One     Side      Of      the  minmgUnc  ol  Il<»ul  I^UIM-M  SIK  connive 
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straight  line  which  we  have 

drawn  from  A  to  B;  and  although  our  primary  object  is  to  connect 
only  the  two  latter,  it  would  nevertheless  be  of  considerable  service 
if  all  three  towns  were  put  into  mutual  connection  with  each  other. 
This  may  be  effected  in  three  different  ways,  any  one  of  which 
might,  under  the  circumstances,  be  the  best.  In  the  first  place, 
we  might,  as  originally  suggested,  form  a  straight  road  from  A 
to  J5,  and  in  a  similar  manner  two  other  straight  roads  from  .  1  to  (\ 
and  from  B  to  (19  and  this  \\ould  be  the  most  perfect  way  of  effecting 
the  object  in  "view,  the  distance  between  any  of  the  t\\o  towns  being 
reduced  to  the  least  distance  possible.  It  \\onld,  however,  l>e 
attended  with  considerable  expense,  and  it  \\onld  IKS  necessary  to 
construct  a  much  greater  length  of  road  than  according  to  the  second 
plan,  which  would  be  to  form,  as  before,  a  straight  road  from  A 
to  7>,  and  from  C  to  construct  a  road  which  should  join  the  former 
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A  or  B  and  C  would  proceed  to  the  point  D  and  then  turn  off  to  C. 
With  this  arrangement,  while  the  length  of  the  roads  would  be 
very  materially  decreased,  only  a  slight  increase  would  be  occasioned 
in  the  distance  between  C  and  the  other  two  towns.  The  third 
method  would  be  to  form  only  the  two  roads  AC  and  CD,  in  which 
case  the  distance  between  A  and  B  would  be  somewhat  increased, 
while  that  between  A  and  C  or  B  and  C  would  be  diminished,  and 
the  total  length  of  road  to  be  constructed  also  would  be  lessened. 

As  a  general  rule  it  may  be  taken  that  the  last  of  these  methods 
is  the  best  and  most  convenient  for  the  public;  that  is  to  say,  that 
if  the  physical  character  of  the  country  does  not  determine  the 
course  of  the  road,  it  generally  will  be  found  best  not  to  adopt  a 
perfectly  straight  line,  but  to  vary  the  line  so  as  to  pass  through  all 
the  principal  towns  near  its  general  course. 

Treatment  of  Mountain  Roads.  The  location  of  roads  in 
mountainous  countries  presents  greater  difficulties  than  in  an  ordi- 
nary undulating  country;  the  same  latitude  in  adopting  undulating 
grades  and  choice  of  position  is  not  permissible,  for  the  maximum 
must  be  kept  before  the  eye  perpetually.  A  mountain  road  has 
to  be  constructed  on  the  maximum  grade  or  at  grade^  clo-dy  ;ippn>\- 
imating  it,  and  but  one  fixed  point  can  lie  obtained  1><  tore  com- 
mencing the  survey,  and  that  is  the  lowest  pa-^  in  the  mountain 
range;  from  this  point  the  sur\c\  inu-t  he  comim-m  i  d.  The  rea-on 
for  this  is  that  the  lo\\er  slopes  of  the  mountain  are  fl.ith  r  than 
those  at  their  summit;  they  co\er  a  larger  are.i;  and  tin  <  mrr-e 
into  the  valley  in  di\  ersc  undulation-.  (  'on  -<  «jn<  nt  l\  ,  a  road  at  t  he 
foot  of  a  mountain  nia\  be  carried  at  uill  in  the  <j<  md  dih<fi<m 
by  more  than  one  route,  \\hile  at  the  top  of  a  moiinf.nii  rant-r  an\ 
deviation  from  the  loucst  pa-^  in\o|\r,  im  n  ,i  «d  IMI.  fh  of  line 
The  engineer  haxing  le^  command  of  the  gn.imd.  ovin-/  »••  the 
reduced  area  he  has  to  deal  \\ith  and  the  irn  ah  r  alirupii.i  ,  m'  UK- 
slopes,  is  liable  to  be  I'mM  rated  in  bi^  athmpt  to  L-M  in  hnr  <  aim  d 
in  the  desired  direction. 

It  is  a  common  practice  to  run  a  mountain  HIM  .  up  lull,  but 
this  should  be  avoided,  \\heiie\er  an  sinitc-angli  d  /ILV.II;  i^  met 
with  on  a,  mountain  road  near  the  summit,  the  inf.  renre  to  In-drawn 
is  that  the  line,  being  carried  up  hill,  on  reaching  the  M 

too   low  anrl    tlio   ^irrvnfp   «.,,L. 
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The  only  remedy  in  such  a  case  is  a  resurvey  beginning  at  the  summit 
and  running  down  hill.  This  method  requires  a  reversal  of  that 
usually  adopted.  The  grade  line  is  first  staked  out  and  its  horizontal 
location  surveyed  afterwards.  The  most  appropriate  instrument  for 
this  work  is  a  transit  with  a  vertical  circle  on  which  the  telescope 
may  be  set  to  the  angle  of  the  maximum  grade. 

Loss  of  Height.  "Loss  of  height"  is  to  be  carefully  avoided 
in  a  mountain  road.  By  loss  of  height  is  meant  an  intermediate 
rise  in  a  descending  grade.  If  a  descending  grade  is  interrupted  by 
the  introduction  of  an  unnecessary  ascent,  the  length  of  the  road 
will  be  increased,  over  that  due  to  the  continuous  grade,  by  the 
length  of  the  portion  of  the  road  intervening  between  the  summit 
of  the  rise  and  the  point  in  the  road  on  a  level  with  that  rise — a 
length  which  is  double  that  due  on  the  gradient  to  the  height  of 
the  rise.  For  example,  if  a  road  descending  a  mountain  rises,  at 
some  intermediate  point,  to  cross  over  a  ridge  or  spur,  and  the  height 
ascended  amounts  to  110  feet  before  the  descent  is  continued,  such 
a  road  would  be  just  one  mile  longer  than  if  the  descent  had  been 
uninterrupted;  for  110  feet  is  the  rise  due  to  a  half-mile  length  at 
a  slope  of  1  : 24. 

Water  on  Mountain  Road*.  Water  is  needed  by  the  workmen 
and  during  the  construction  of  the  road.  It  is  also  very  necessary 
for  the  traffic,  especially  during  hot  weather;  and  if  the  road  exceeds 
5  miles  in  length,  provision  should  be  made  to  have  the  water  either 
close  to  or  within  easy  reach  of  the  road.  With  a  little  ingenuity 
the  water  from  springs  above  the  road,  if  such  exist,  can  be  led 
down  to  drinking  fountains  for  men,  and  to  troughs  for  animals. 

In  a  tropical  country  it  would  be  a  matter  for  serious  con- 
sideration if  the  best  line  for  a  mountain  road  10  wiles  in  length 
or  upwards,  but  without  water,  should  not  be  abandoned  in  Favor 
of  a  worse  line  with  a  water  supply  available. 

Halting  Places.  On  long  lines  of  mountain  roads,  halting 
places  should  be  provided  at  frequent  intervals. 

Alignment  of  Roads.  No  rule  can  be  laid  do\\n  for  the  align- 
ment of  a  road— it  will  depend  upon  both  the  character  of  its  traffic 
and  the  "lay  of  the  land".  To  promote  economy  of  transportation, 
it  should  be  straight;  but,  if  straightness  is  obtained  at  the  expen.se 
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increase  in  length,  it  will  prove  very  expensive  to  the  community 
that  uses  it. 

The  curving  road  around  a  hill  often  may  be  no  longer  than 
the  straight  one  over  it,  for  the  latter  is  straight  only  with  reference 
to  the  horizontal  plane,  while  it  is  curved  as  to  the  vertical  plane; 
the  former  is  curved  as  to  the  horizontal  plane,  but  straight  as  to 
the  vertical  plane.  Both  lines  curve,  and  we  call  the  one  passing 
over  the  hill  straight  only  because  its  vertical  curvature  is  less 
apparent  to  our  eyes.  Excessive  crookedness  of  alignment  is  to 
be  avoided,  for  any  unnecessary  length  causes  a  constant  threefold 
waste:  first,  of  the  interest  of  the  capital  expended  in  making  that 
unnecessary  portion;  second,  of  the  ever  recurring  expense  of  repair- 
ing it;  and  third,  of  the  time  and  labor  employed  in  traveling  over  it. 


I1 1«    l.J      Diagram  SluivuiiK  \I<-llin<l  of  I.imiiK  Out  <'ur\i    in  I(n,i  1 

Lwutum  and  Cnmtructiun  of  r//nr.v.  Curves,  on  a  road  used 
exclusively  by  horse-<lni\\u  traffic,  should  ha\e  JL  center  radius  of 
not  less  than  50  feet.  On  roads  used  by  both  horsc-dra\\  u  and 
motor-\ ehielc  traffic,  1  lie greatest  possible  radius  should  be  emplo;,  rd 
and  not  less  than  ].">()  feet  at  the  inner  margin.  Cur\es  .should 
not  be  placed  at  the  foot  of  a  steep  ascent;  and,  when  they  occur 
on  an  ascent,  the  grade  at  that  point  should  be  decreased  in  order 
to  compensate  for  the  additional  resistance  of  the  cnr\c. 

Curves  may  be  either  circular  or  parabolic  in  form.  The 
latter  will  be  found  exceedingly  useful  for  joining  tangents  of  unequal 
length  and  for  following  contours;  \\heii  the  curvature  is  lca>t 
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are  less  strongly  marked  than  by  a  circular  arc.,  The  connection 
between  a  circular  curve  and  its  tangents  should  be  made  by  a 
parabolic  arc.  e 

The  width  of  the  wheelway  on  curves  should  be  greater  than 
on  tangents;  the  position  in  which  the  additional  width  will  be  of 
the  greatest  service  to  the  traffic  is  at  the  entry  arcs,  as  shown  at 
A  and  A,  Fig.  13,  and  not  at  the  center  B  of  the  curve,  which  is 
the  point  commonly  widened.  The  minimum  radius  of  the  outer 
curve  to  provide  the  increased  width  may  be  determined  by  the 
formula 


in  which  R  is  radius  of  inner  curve;  W  is  width  of  road  on  tangents; 
w  is  width  of  vehicles;  and  I  is  maximum  length  of  vehicles,  including 
teams.  If  the  traffic  requires  it,  a  further  widening  may  be  obtained 
by  flattening  the  inner  curve  as  indicated  by  abc.  The  radius  of 
the  reversing  curves  should  be  not  less  than  15  feet. 

The  outer  half  of  the  wheelway  on  curves  used  by  fast  motor- 
vehicle  traffic  should  be  raised,  as  shown  in  Fig.  14,  the  amount 


Showing  Adjustment  of  Profile  on  Curves  for  Hupidly 
Moving  Motor  Vehicles 

of  elevation  being  4  inches  for  a  curve  of  150-foot  radius  and 
decreasing  to  2  inches  for  a  curve  of  300-foot  radius. 

The  approach  to  curves  should  afford  an  unobstructed  \iew 
for  at  least  300  feet,  and  obstructions  which  prevent  the  entire 
length  of  the  curve  from  being  seen  by  approaching  vehicles  should 
1)0  removed. 

Zlyzuyx.  The  method  of  surmounting  a  height  by  a  series  of 
y/ig/ags  or  by  a  series  of  reaches  with  practicable  curves  at  the 
turns,  is  objectionable  for  the  following  reasons: 

(1)  An  acute-angled  zig/ag  obliges  the  traffic  to  reverse  its 
direction  wiihout  affording  it  convenient  room  for  the  purpose. 
The  consequence  is  that  \\ith  slow  traffic  a  single  train  of  \ehicles 
is  brought  to  a  stand,  while  if  t\vo  trains  of  vehicles,  traveling  in 
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(2)  With    zigzags   little 
progress  is  made  toward  the 
ultimate    destination   of    the 
road;   height  is  surmounted, 
but  horizontal  distance  is  in- 
creased without  compensation. 

(3)  Zigzags  are  dangerous. 
Incase  of  a  runaway  down  hill, 
the  zigzag  must  prove  fatal. 

(4)  If  the  drainage  can- 
not be  carried  clear  of   the 
road  at  the  end  of  each  reach, 
it  must  be  carried  under  the 
road    in   one  reach,   only  to 
appear  again  at  the  next,  when 
a  second   bridge,   culvert,   or 
drain  will  be  required,  and  so 
on  at  the  other  readies.    I  f  the 
drainage  can  be  carried  clear 
at   the    termination    of    each 
reach,  the  lengths  bet \\eeu  the 
curves  will  be  very  .short,  en- 
tailing numerous  xig/ag  <'ur\  <-^, 
\\hieh  are  expensive    to   con- 
struct and  maintain. 

Details  after  Choosing  Route 

Final  Location,  \\ith  the 
route  finalK  determined  upon, 
it  murvt  be  located.  TliU 
consists  in  tracing  the  hue, 
placing  JL  stake  at  c\cry  100 
Feet  on  the  straight  portion-* 
and  at  e\ery  ,">()  or  'J,">  feet  on 
the  curves.  At  the  tangent 
point  of  cime-.,  and  at  point-, 
of  compound  and  rcxcr^c 
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manent  stake  should  be  placed.  Lest  those  stakes  should  be  dis- 
turbed in  the  process  of  construction,  their  exact  distance  from  several 
points  outside  of  the  ground  to  be  occupied  by  the  road  should  be 
carefully  measured  and  recorded  in  the  notebook,  so  that  they  may 
be  replaced.  The  stakes  above  referred  to  show  the  position  of 
the  center  line  of  the  road,  and  form  the  base  line  from  which  all 
operations  of  construction  are  carried  on.  Levels  are  taken  at  each 
stake,  and  cross  levels  are  taken  at  every  change  of  longitudinal  slope. 

Construction  Profile.  The  construction  or  working  profile  is 
made  from  the  levels  obtained  on  location.  It  should  be  drawn 
to  a  horizontal  scale  of  400  feet  to  the  inch  and  a  vertical  scale 
of  20  feet  to  the  inch*  Pig.  15  represents  a  portion  of  such  a  profile. 
The  figures  in  column  A  represenjt  the  elevation  of  the  ground  at 
every  100  feet,  or  where  a  stake  has  been  driven,  above  datum. 
The  figures  in  column  B  are  the  elevations  of  the  grade  above  datum. 
The  figures  in  column  C  indicate  the  depth  of  cut  or  height  of  fill; 
they  are  obtained  by  taking  the  difference  between  the  level  of 
the  road  and  the  level  of  the  surface  of  the  ground.  The  straight 
line  at  the  top  represents  the  grade  of  the  road;  the  upper  surface 
of  the  road  when  finished  would  be  somewhat  higher  than  this,  while 
the  given  line  represents  what  is  termed  the  sub-grade  or  formation 
level.  All  the  dimensions  refer  to  the  formation  level,  to  which  the 
surface  of  the  ground  is  to  be  formed  to  receive  the  road  covering. 

At  all  changes  in  the  rate  of  inclination  of  the  grade  line  a 
heavier  vertical  line  should  be  drawn. 

Gradient.  The  grade  of  a  line  is  iti  it 8  longitudinal  slope,  and 
is  designated  by  the  proportion  between  its  length  and  the  difference 
of  height  of  its  two  extremes.  The  ratio  of  these  two  qualities 
gives  it  its  name;  if  the  road  ascends  or  falls  one  foot  in  every  twenty 
feet  of  its  length,  it  is  said  to  have  a  grade  of  1  :  20,  or  a  T>  per  cent 
grade.  Grades  are  of  two  kinds:  maximum  and  minimum.  The 
maximum  grade  is  the  steepest  which  is  to  be  permitted  and  which 
on  no  account  is  to  be  exceeded;  the  minimum  grade  is  the  least 
allowable  for  good  drainage.  Table  IX  gives  diU'erent  methods 
of  designating  grades. 

Determination  of  (irudicntx.  The  maximum  grade  is  fixed  by 
t\\o  considerations:  the  one  relating  to  the  power  expended  in 
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TABLE  IX 
Methods  of  Designating  Grades 


AMERICAN  METHOD 
(ft.  per  100  ft  ) 

ENGLISH  MB 
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FEET  PEB  MILK 

ANGLE  WITH  H< 
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1    400 

13.2 

0°     8'  3( 
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1 

1     100 
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1} 

1      80 

66 
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1* 

1      66i 

\ 
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0    51    2£ 
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1      571 

: 

92.4 

1      0    51 
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1      50 

105.6 

1      8      € 

2i 

1      44j 
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2J 

1      40 
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2| 
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1    34    22 

3 

1      33i 
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3i 

1      30i 
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1    51    42 

3i 

1      28< 

184  8 

2      0    1(3 

31 

1      26< 

• 

198 

2      8    51 

4 

1      25 

211.2 

1     17    26 

41 

1      233 

1 

224.4 

2    26    10 

4§ 

1      22; 

237  6 

2    34    3(i 

4f 

1      21 

250.8 

2    43    35 

5 

1      20 

264 

2    51    44 

6 

1      12J 

316  8 

3    2(5    12 

7 

1       14; 

369.6 

I      0    Ifi 

8 

1       12^ 

422  4 

*    31    2(1 

9 

1       11J 

47/>  2 

f)     s  ;*i 

10 

1       10 

r>28 

5    -112    ,'^7 

incline.  There  is  a  certain  inclination,  depending  upon  the  < 
of  perfection  given  to  the  surface  of  the  road,  which  cairn 
exceeded  without  a  direct  loss  of  tractive  power.  This  iuclii 
is  that,  on  which,  in  descending  at  a  uniform  speed,  the  1 
slacken,  or  which  causes  the  vehicles  to  press  on  the  horse- 
limiting  inclination  within  which  this  effect  does  not  take  pi; 
the  angle  of  repose. 

Angle  of  Repose.  The  angle  of  repose  for  an \  gi\en  road  si 
can  be  ascertained  easily  from  the  tractive  force  required  \i\ 
level  with  the  same  character  of  surface.  Thus  if  the  force  nec< 
on  a  level  to  overcome  the  resistance  of  the  load  is  :,V  <>f  its  \\< 
then  the  same  fraction  expresses  the  an^le  of  repose  for  that  su 

On  all  inclines  less  steep  than  the  angle  of  repose,  a  <•< 
amount  of  tractive  force  is  necessary  in  the  descent  as  \\cll 
the  ascent,  and  the  mean  of  the  t\\o  dra \\ing  forces,  asccndiuj 
descending,  is  equal  to  the  force  along  the  level  of  the  road.     ' 
on  such  inclines,  as  much  rnpflmnipiil  furv.^  ic  O-MM/I/]  in  •*!.<»  <L 
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as  is  lost  in  the  ascent.  From  tfts  it  might  be  inferred  that  when  a 
vehicle  passes  alternately  each  way  along  the  road,  no  real  loss  is 
occasioned  by  the  inclination  of  the  road;  which,  however,  is  not 
the  fact  with  animal  power,  for  while  the  up  and  down  slopes  in 
the  ascending  journey  will  demand,  respectively,  a  greater  and  a 
less  number  of  horses  than  that  required  on  a  level  road,  no  actual 
compensation  for  this  fluctuation  can  be  made  in  the  descending 
journey.  On  inclines  which  are  more  steep  than  the  angle  of  repose, 
the  load  presses  on  the  horses  during  their  descent,  so  as  to  impede 
their  action,  and  their  power  is  expended  in  checking  the  descent 
of  the  load;  or  if  this  effect  be  prevented  by  the  use  of  any  form  of 
drag  or  brake,  then  the  power  expended  on  such  a  drag  or  brake 
corresponds  to  an  equal  quantity  of  mechanical  power  expended 
in  the  ascent,  for  which  no  equivalent  is  obtained  in  the  descent. 

Grade  Problems.  Maximum  Grade.  The  maximum  grade  for 
a  given  road  will  depend:  (1)  upon  the  class  of  traffic  that  will 
use  it,  whether  fast  and  light,  slow  and  heavy,  or  mixed,  consisting 
of  both  light  and  heavy;  (2)  upon  the  character  of  the  pavement 
adopted;  and  (3)  upon  the  question  of  cost  of  construction.  Econ- 
omy of  motive  power  and  low  cost  of  construction  are  antagonistic 
to  each  other,  and  the  engineer  will  have  to  weigh  the  two  in  the 
balance. 

For  fast  and  light  traffic  the  grades  should  not  exceed  2  per 
cent;  for  mixed  traffic  3  per  cent  may  be  adopted;  while  for  slow 
traffic  combined  with  economy  5  per  cent  should  not  be  exceeded. 
This  grade  is  practicable  but  not  convenient. 

Minimum  Grndc.  From  the  previous  considerations  it  would 
appear  that  an  absolutely  level  road  \\as  the  one  to  he  sought  for, 
but  this  is  not  so;  there  is  a  minimum,  or  a  least  allowable  grade, 
of  which  the  road  must  not  fall  short,  as  \\ell  as  a  maximum  one 
which  it  must  not  exceed.  If  the  road  Avere  perfectly  le\el  in  its 
longitudinal  direction,  its  surface  could  not  be  kept  free  from  water 
without  giving  it  so  great  a  rise  in  its  middle  as  would  expose  vehi- 
cles to  the  danger  of  overturning.  The  minimum  grade  commonly 
used  is  1  per  cent. 

lrn(lnl(ilin(/  (V/Wr,v.     From   the  fact  that  the  po\\er  required 
to  ino\e  a  load  at  a  gi\en  \elocity  on  a  le\el  road  is  decreased  0:1 
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the  same  grade,  it  must  not  beKnferred  that  the  animal  force 
expended  in  passing  alternately  each  way  over  a  rising  and  falling 
road  will  gain  as  much  in  descending  the  several  inclines  as  it  will 
lose  in  ascending  them.  Such  is  not  the  case.  The  animal  force 
must  be  sufficient,  either  in  power  or  number,  to  draw  the  load  over 
the  level  portions  and  up  the  steepest  inclines  of  the  road,  and  in 
practice  no  reduction  in  the  number  of  horses  can  be  made  to  corre- 
spond with  the  decreased  power  required  in  descending  the  inclines. 

The  popular  theory  that  a  gently  undulating  road  is  less  fatiguing 
to  horses  than  one  which  is  perfectly  level  is  erroneous.  The  asser- 
tion that  the  alternations  of  ascent,  descent,  and  levels,  call  into 
play  different  muscles,  allowing  some  to  rest  while  others  are  exerted, 
and  thus  relieving  each  in  turn,  is  demonstrably  false,  and  con- 
tradicted by  the  anatomical  structure  of  the  horse.  Since  this 
doctrine  is  a  mere  popular  error,  it  should  be  rejected  utterly,  not 
only  because  it  is  false  in  itself,  but  still  more  because  it  encourages 
the  building  of  undulating  roads,  and  this  increases  the  labor  and 
cost  of  transportation  upon  them. 

Level  Stretches.  On  long  ascents  it  is  generally  recommended 
that  level  or  nearly  level  stretches  be  introduced  at  frequent  intervals 
in  order  to  rest  the  animals,  lliese  are  objectionable  \\hen  the\ 
cause  loss  of  height,  and  animals  will  be  more  rested  by  halting 
and  unharnessing  for  half  an  hour  than  by  traveling  o\er  it  level 
portion.  The  only  case  which  justifies  the  introduction  of  le\els 
into  an  ascending  road  is  where  such  levels  \\ill  advance  the  road 
towards  its  objective  point;  where  this  is  the  case  there  \\ill  he  no 
loss  of  either  length  or  height,  and  it  will  simply  he  exchanging  a 
level  road  below  for  a  level  road  a  hove. 

Establishing  the  Grade.  \Vlien  the  profile  of  a  proposed  route 
has  been  made,  a  grade  line  is  drawn  upon  it  (usualK  in  red  i  in 
such  a  manner  as  to  follow  its  general  slope,  hut  to  a\erat;e  it-, 
irregular  elevations  and  depressions.  If  the  ratio  bet \\cen  the  \\hole 
distance  and  the  height  of  the  line  is  le.ss  than  the  maximum  ^radr 
intended  to  he  used,  this  hue  \\\\\  he  .satisfactory  ;  hut  if  it  he  found 
steeper,  the  cut  or  the  length  of  the  line  \\ill  have  to  he  inn-cased 
The  latter  is  generally  preferable. 

The  apex  or  meeting  point  of  all  rum--,  should  he  rounded  oil' 
by  a  vertical  curve,  as  shown  in  Fii'.  10.  thus  shu-htlv  rlr.mrimr 
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the  grade  at  and  near  the  point  of  intersection.  A  vertical  curve 
rarely  need  extend  more  than  200  feet  each  way  from  that  point. 
Let  AB  and  BC  be  two  grades  in  profile  intersecting  at  station 
By  and  let  A  and  C  be  the  adjacent  stations.  It  is  required  to  join 
the  grades  by  a  vertical  curve  extending  from  A  to  C.  Imagine  a 
chord  drawn  from  A  to  C.  The  elevation  of  the  middle  point  of 
the  chord  will  be  a  mean  of  the  elevations  of  the  grade  at  A  and  C, 
and  one-half  of  the  difference  between  this  and  the  elevation  of 
the  grade  at  B  will  be  the  middle  ordinate  of  the  curve.  Hence 
we  have 


M  = 


\ 


in  which  M  equals  the  correction  in  elevation  for  the  point  B.    The 
correction  for  any  other  point  is  proportional  to  the  square  of  its 


I'i      Typical  llojwl  Section  Showing  Ruurulme  Off  of  Mooling  Points  of  Curves 


distance  from  A  to  (1.  Thus,  assuming  the  distance  between 
Mieeessive  ordinates,  Fig.  If),  as  50  feet,  the  correction  .1+25  is 
}\,M;  at  J+50  it  is  \M;  at  J+75  it  is  !\>M;  and  the  same  for 
corresponding  points  on  the  other  side  of  />.  The  corrections 
in  this  case  sho\\n  are  snhtractive,  since  M  is  negative.  They 
z»re  additional  when  M  is  positi\e,  and  the  curve  concave  upward. 

PRELIMINARY  ROAD  CONSTRUCTION  METHODS 
WIDTH  AND  TRANSVERSE  CONTOUR 

Width  of  Road.  A  road  should  he  wide  enough  to  accommodate 
the  traffic  for  \\hich  it  is  intended,  and  should  comprise  a  \vheel\va\ 
for  \ehicles  and  a,  space  on  each  side  for  pedestrians. 

The  wheelway  of  country  highways  need  be  no  wider  than  is 
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places  a  track  wide  enough  for  a  single  team  is  all  that  is  necessary. 
But  the  breadth  of  the  land  appropriated  for  highway  purposes 
should  be  sufficient  to  provide  for  all  future  increase  of  traffic. 
The  wheelways  of  roads  in  rural  sections  should  be  double;  that  is, 
one  portion  paved  (preferably  the  center),  and  the  other  left  with 
the  natural  soil.  The  latter,  if  kept  in  repair,  will  be  preferred  by 
teamsters  for  at  least  one-half  the  year. 

The  minimum  width  of  the  paved  portion,  if  intended  to  carry 
two  lines  of  travel,  is  fixed  by  the  width  required  to  allow  two 
vehicles  to  pass  each  other  safely.  This  width  is  1 6  feet.  If  intended 
for  a  single  line  of  travel,  8  feet  is  sufficient,  but  suitable  turnouts 
must  be  provided  at  frequent  intervals.  The  most  economical 
width  for  any  roadway  is  some  multiple  of  eight.  Wide  roads 
are  the  best;  they  expose  a  larger  surface  to  the  drying  action  of 
the  sun  and  wind,  and  require  less  supervision  than  narrow  ones. 
Their  first  cost  is  greater  than  that  of  narrow  ones,  and  nearly 
in  the  ratio  of  the  increased  width. 

The  cost  of  maintaining  a  mile  of  road  depends  more  upon 
the  extent  of  the  traffic  than  upon  the  extent  of  its  surface,  and 
unless  extremes  be  taken,  the  same  quantity  of  material  will  be 
necessary  for  the  repair  of  roads,  either  wide  or  narrow,  which  are 
subjected  to  the  same  amount  of  traffic*.  The  cost  of  spreading 
materials  over  the  wide  road  will  be  some\\hat  greater,  but  the 
cost  of  the  materials  will  be  the  same.  On  narrow  roads  the  traffic 
being  confined  to  one  track,  will  wear  more  se\erely  than  it'  spread 
over  a  wider  surface. 

The  width  of  land  appropriated  for  road  purposes  varies  in 
the  United  States  from  4i)J  feet  to  6(i  feet;  in  England  and  France 
from  26  to  66  feet.  And  the  width  or  space  inacadami/ed  is  a  No 
subject  to  variation;  in  the  Tinted  States  the  axerage  xxidth  is 
16  feet;  in  France  it  varies  between  Hi  and  L)kJ  feel;  in  Medium 
8j  feet  seems  to  be  the  regular  width,  while  in  Austria,  from  1  I1, 
to  2(i|  feet. 

Transverse  Contour.  The  centers  of  roadways  in  IIH>M  cases 
should  be  higher  than  the  sides,  the  object  being  to  facilitate  the 
flow  of  the  rain  water  to  the  gutters.  Where  a,  good  .surface  U 
maintained  a  very  moderate  amount  of  rise  is  sufficient  for  this 

hut  thp  ri«p  ^Vmiilil  Iwir  •>   /•on+nin   nnum  >t-t  i..n   *,,  +L/4  u  M  +  I, 
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TABLE  X 

Proportionate  Rise  of  Center  to  Width  of  Carriageway  for 
Different  Road  Materials 


KIND  OP  SURFACE 

PROPORTIONS  OP  RISE  AT 
CENTER  TO  WIDTH  OF 
CARRIAGEWAY 

Earth 
Gravel 
Broken  stone 

1:40 
1:50 
1:60 

of  the  carriageway.  Earth  roads  require  the  most  and  asphalt 
the  least.  The  most  suitable  proportions  for  the  different  paving 
materials  is  shown  in  Table  X. 

Form  of  Contour.  All  authorities  agree  that  the  form  should 
be  convex,  but  they  differ  in  the  amount  and  form  of  the  convexity. 
Circular  arcs,  two  straight  lines  joined  by  a  circular  arc,  and  ellipses, 
all  have  their  advocates.  For  country  roads  a  curve  of  suitable 


Fig.  17.     Typical  Section  of  Road,  Showing  Contour 

convexity  may  be  obtained  as  follows:  At  \  of  the  width  from 
center  to  side,  make  the  rise  f  of  the  total  rise,  and  at  J  of  the  width 
make  the  rise  f  of  the  total,  Fig.  17. 

Excessive  height  and  convexity  of  cross  section  contract  the 
\\idth  of  the  wheelway  by  concentrating  the  traffic  at  the  center, 
that  being  the  only  part  where  a  vehicle  can  run  upright.  The  force 
required  to  haul  vehicles  over  such  cross  sections  is  increased  because 
an  undue  proportion  of  the  load  is  thrown  upon  two  wheels  instead 
of  being  distributed  equally  over  the  four.  The  continual  tread 
of  horses'  feet  in  one  track  soon  forms  a  depression  which  holds 
\\atcT,  and  the  surface  is  not  so  dry  as  with  a  flat  section  which 
allows  the  traffic  to  distribute  itself  over  the  whole  width.  Sides 
formed  of  straight  lines  are  also  objectionable.  They  wear  hollow, 
retain  water,  and,  by  raising  the  center,  defeat  the  object  sought. 
The  required  convexity  should  be  obtained  by  rounding  the  forma- 
tion surface,  and  not  by  diminishing  the  thickness  of  the  covering 
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Although  on  hillside  and  mountain  roads  it  is  generally  recom- 
mended that  the  surface  should  consist  of  a  single  slope  inclining 
inwards,  there  is  no  reason  for  or  advantage  gained  by  this  method. 
The'  form  best  adapted  to  these  roads  is  the  same  as  for  a  road  under 
ordinary  conditions. 

With  a  roadway  raised  in  the  center  and  the  rain  water  draining 
off  to  gutters  on  each  side,  the  drainage  will  be  more  effectual  and 
speedy  than  if  the  drainage  oi;  the  outer  half  of  the  road  has  to  pass 
over  the  inner  half.  The  inner  half  of  such  a  road  is  usually  sub- 
jected to  more  traffic  than  the  outer  half.  If  formed  of  a  straight 
incline,  this  side  will  be  worn  hollow  and  retain  water. '  The  inclined 
flat  section  never  can  be  properly  repaired  to  withstand  the  traffic. 
Consequently  it  never  can  be  kept  in  good  order,  no  matter  how 
constantly  it  may  be  mended.  It  is  always  below  par  and  when 
heavy  rain  falls  it  is  seriously  damaged. 

DRAINAGE 

Types  of  Drainage.  In  the  construction  of  roads,  drainage  is  of 
the  first  importance.  The  ability  of  earth  to  sustain  a  load  depends 
in  a  large  measure  upon  the  amount  of  moisture  retained  by  it. 
Most  earths  form  a  good  firm  foundation  so  long  as  they  are  kept 
dry,  but  when  wet  they  lose  their  sustaining  power,  becoming  soft 
and  incoherent. 

The  drainage  of  roadways  is  of  two  kinds,  vi/,  subsurface  and 
surface.  The  first  provides  for  the  removal  of  the  underground 
water  found  in  the  body  of  the  road;  the  second  provides  for  the 
speedy  removal  of  all  water  falling  on  the  surface  of  the  roan1. 
Experience  has  shown  that  a  thorough  removal  of  the  underground 
water  is  of  the  utmost  importance  and  is  essential  to  the  life  of  the 
road.  A  road  covering  placed  on  a  \\et  undraiiicd  bottom  \\ill  he 
destroyed  by  both  water  and  fro>tf  and  \vill  al\\ji\s  he  tmuUcsomc 
and  expensive  to  maintain;  perfect  subsoil  drainage  is  a  necessity 
and  will  be  found  economical  in  the  end  even  if  in  securing  it 
considerable  expense  is  required. 

Subsoil  Drainage 

The  methods  employed  for  securing  the  subsoil  drainage  must 
be  varied  according  to  the  character  of  natural  soil,  each  kind  of 
soil  requiring  different  treatment. 
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Nature  of  Soils.  The  natural  soil  may  be  divided  into  the 
following  classes:  siliceous,  argillaceous,  and  calcareous;  rock, 
swamps,  and  morasses.  The  siliceous  and  calcareous  soils,  the 
sandy  loams  and  rock,  present  no  great  difficulty  in  securing  a 
dry  and  solid  foundation.  Ordinarily  they  are  not  retentive  of 
water  and  therefore  require  no  underdrains;  ditches  on  each  side 
of  the  road  will  generally  be  found  sufficient.  The  argillaceous 
soils  and  softer  marls  require  more  care;  they  retain  water  and  are 
difficult  to  compact,  except  at  the  surface;  and  they  are  very  unstable 
under  the  action  of  water  and  frost. 

Location  of  Drains.  The  removal  of  water  from  the  subsoil 
is  effected  by  drains  so  placed  as  to  intercept  the  underground 
circulation  of  the  water.  Regarding  the  best  location  for  the  drains 
to  accomplish  this,  three  cases  in  general  will  present  themselves: 

Marginal  Drains.  Where  the  subsoil  is  continually  wet  and 
without  a  well-defined  flow  of  water  from  either  side.  Under 


Fig    is      Typical  Road  Section  Showing  Marginal  Drams 

this  condition  marginal  drains,  as  shown  in  Fig.  IS,  will  be  found 
satisf  acton'. 

Side  Drains.     Where  there  is  a  regular  flow  from  one  side  to 
the  other,  as  on  a  hillside  road,  a  single  drain  placed  on  the  side 


from  which  the  water  comes,  as  in  Fig.  li),  will  be  sufficient  usually. 

Center  and  Cross  Drains.     Where  the  subsoil  is  so  retentive 

of  water  as  to  require  a  system  of  drains  under  the  roadbed,  these 
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drains  may  be  constructed  in  a  variety  of  ways.  The  simplest 
method  is  to  place  a  drain  under  the  center  of  the  roadway,  as  in 
Pig.  20,  connecting  it  at  intervals  by  cross  drains  with  drains  placed 
at  the  sides  which  discharge  into  the  natural  watercourses.  Where 


Fig   20.    Typical  Road  Section  Showing  Center  Drain 

the  ground  is  level  or  has  but  a  slight  inclination,  the  cross  drains 
may  be  placed  at  right  angles  to  the  axis  of  the  road.  Where  there 
is  a  steep  grade  it  is  better  to  lay  the  cross  drains  in  the  form  of 
an  inverted  V  with  the  point?  in  the  center  of  the  roadway  and 
directed  uphill. 

The  distance  apart  of  the  cross  drains  depends  upon  the  ease 
with  which  the  subsoil  yields  its  water.  In  porous  soils  tlie  drains 
will  prove  efficient  at  distances  of  from  30  to  40  feet;  in  retentive 
clay  the  spacing  may  range  from  10  to  20  feet. 

Proper  Fall  for  Drains.  The  fall  to  be  given  the  drains 
depends  upon  the  size  of  the  drain  and  the  amount  of  water  to  be 
carried  off.  It  is  not  advisable  to  employ  a  fall  greater  than  I  foot 
in  100  feet.  Too  great  a  fall  will  produce  a  swift  current  that  is 


Fig    21.     "Blind"  Stone  Dam 


"Thrusit"  Stum-  Driun 


liable  to  undermine  the  drain  as  \\ell  as  to  choke  it    by  foreign 

matter,  which  a  less   rapid   stream   could   not   ha\e.  transported. 

Materials  Used   for    Drains.     The    materials    employed    for 

drains  are:     stone,  vitrified  clay  pipe,  porous  tile,  and   concrete. 
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Stone  Drains.  The  stone  drain  is  constructed  in  two  forms, 
shown  in  Figs.  21  and  22.  The  first  form,  called  a  "blind"  drain, 
consists  of  a  trench  excavated  to  the  required  depth  and  filled 
with  cobblestones  or  rounded  pebbles.  To  prevent  the  soil  from 
washing  in  and  choking  it,  the  larger  stones  are  covered  first  with 
a  layer  of  small  gravel,  and  then  with  a  layer  of  coarse  gravel,  by 
which  means  the  water  is  filtered  before  passing  into  the  porous 
mass  beneath.  Angular  stones  are  not  suitable  for  this  type  of 
drain.  The  second  form  of  stone  drain,  an  open  channel  called  a 
"throat",  is  formed  in  the  bottom  of  the  trench  with  rough  slabs 
of-  stone,  and  the  trench  is  filled  in  the  same  manner  as  for  a 
blind  drain. 

Vitrified  Pipe  Drains.  Vitrified  pipe  drains  are  constructed 
by  placing  the  pipe  in  the  bottom  of  the  trench,  filling  the  hubs 
with  oakum  and  back-filling  the  trench  with  gravel,  broken  stone, 
or  a  mixture  of  these. 

Porous  Tile  Drains.  Porous  tile,  Fig.  23,  form  very  satisfactory 
drains.  They  carry  off  the  water  with  great  ease,  rarely  if  ever 

get  choked,  and  require  only  a  slight  

inclination  to  keep  the  water  moving 
through  them.  The  tile  have  plain  ^  "" 
ends  which  are  placed  in  contact  in 
the  trench  and  wrapped  with  tar 
paper  or  burlap.  They  are  sur- 
rounded and  covered  with  gravel  or  '  . 

0  Fig    23      Porous  Tile  Drain 

broken  stone  not  exceeding  1  inch  m 

size  for  a  depth  Hinging  from  G  to  12  inches,  and  the  remaining 

depth  of  the  trench  is  filled  with  Isir^e  gravel  or  broken  stone. 

Concrete  Tile  Drains.  Tile  mucle  of  concrete  have  been  in 
satisfactory  service  for  several  decades.  They  tire  generally  made  in 
lengths  of  one  foot  with  plain  ends  and  are  laid  in  the  same  manner 
as  the  porous  tile.  They  can  be  made  in  portable  machines  in  the 
vicinity  where  they  are  to  be  used-  an  advantage  that  tends 
toward  low  first  cost. 

For  the  manufacture  of  concrete  tile  the  best  quality  of 
hydraulic  (Portland)  cement,  clean  sand,  and  fine  #ni\cl  or  broken 
stone  should  be  used  in  the  proportion  of  one  part  cement,  t\\o 
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tides  exceeding  f  inch  in  size.  Sufficient  clean  water  should  be 
used  to  produce  a  "wet  mix",  which  should  be  poured  into  the 
molds  before  setting  begins  and  rammed  lightly.  After  setting  is 
completed,  the  tile  should  be  cured  for  about  90  days. 

Sizes  of  Drains.  The  size  of  the  drain  to  be  adopted  for  a 
given  situation  depends  upon  the  amount 
of  water  to  be  carried  and  the  fall  that  can 
be  given  the  drain.  These  two  factors  being 
given,  there  are  several  formulas  that  can 
be  used  to  determine  the  required  size.  But, 
in  the  subsoil  drainage  of  a  road,  the  amount 
of  water  to  be  moved  can  be  guessed  at 
only;  therefore,  experience  as  to  what  a 
drain  has  accomplished  in  a  given  locality 
is  a  better  guide  than  the  result  given  by 
any  formula.  Experience  shows  that  the 
Fig.  24.  Typical  Construction  least  practicable  size  is  4  inches.  The 

for  Silt  Basin  * 

amount  ot  water  to  be  moved  is  generally 

assumed  to  vary  between  £  inch  and  1  inch  per  acre,  per  2  I  hours, 
on  the  area  to  be  drained. 

Silt  Basins.  Silt  basins  should  be  constructed  at  all  junctions 
and  wherever  else  they  may  be  considered  necessary;  they  may  be 
made  from  a  single  6-inch  pipe,  Fig.  24,  or  constructed  of  brick 
masonry. 

Protection  of  Drain  Ends  from  Weather.  As  tile  drains  arc 
more  liable  to  injury  from  frost  than  those  of  either  brick  or  stone 


\'"\K     -•")        Pinpcr    Mi  tliixl  (if  (  n\i  nun 


their  ends  at  the  side  ditches  should  not  l>e  expoM'd  directly  to 
the  weather  in  verv  cold  climates,   but  niav  terminate  in    blind 
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drains,  or  a  few  lengths  of  vitrified  clay  pipe  reaching  under  the 
road  a  distance  of  about  3  or  4  feet  from  the  inner  slope  of  the  ditch. 

Drain  Outlets.  Drain  outlets  may  be  formed  by  building  a 
dwarf  wall  of  brick  or  stone,  whichever  is  the  cheapest  or  most 
convenient  in  the  locality.  The  outlet,  Fig.  25,  should  be  covered 
with  an  iron  grating  to  prevent  vermin  entering  the  drain  pipes 
and  building  nests,  thus  choking  the  waterway. 

Side  Ditches.  Side  ditches  are  provided  to  carry  away  the 
subsoil  water  from  the  base  of  the  road,  and  the  rain  water  which 
falls  upon  its  surface;  to  do  this  speedily  they  must  have  capacity 
and  inclination  proportionate  to  the  amount  of  water  reaching 
them.  The  width  of  the  bed  should  not  be  less  than  18  inches; 
the  depth  will  vary  with  circumstances,  but  should  be  such  that 
the  water  surface  shall  not  reach  the  subgrade,  but  remain  at  least 
12  inches  below  the  crown  of  the  road.  The  sides  should  slope 
at  least  1£  to  1. 

The  longitudinal  inclination  of  the  ditch  follows  the  configura- 
tion of  the  general  topography,  that  is,  the  lines  of  natural  drainage. 
When  the  latter  has  to  be  aided  artificially,  grades  of  from  1  in 
500  to  1  in  800  will  usually  answer. 

In  absorbent  soil  less  fall  is  sufficient,  and  in  certain  cases 
level  ditches  are  permissible.  The  slopes  of  the  ditches  must  be 
protected  where  the  grade  is  considerable.  This  can  be  accomplished 
by  sod  revetments,  riprapping,  or  paving. 

Surface  Drainage 

The  drainage  of  the  roadway  surface  depends  upon  the  preser- 
vation of  the  cross  section,  with  regular  and  uninterrupted  fall 
to  the  sides  and  without  hollows  or  ruts  in  which  the  water  can  lie, 
and  also  upon  the  longitudinal  fall  of  the  road.  If  this  is  not  suffi- 
cient the  road  becomes  flooded  during  heavy  rainstorms  and  melting 
snow,  and  is  considerably  damaged. 

Side  Ditches  and  Gutters.  The  removal  of  surface  \\ater 
from  country  roads  may  be  effected  by  the  side  ditches,  into  which, 
when  there  arc  no  sidc\\alks,  the  water  flows  directly.  \Vhcn  there 
are  sidewalks,  gutters  are  formed  between  the  roadway  and  foot- 
path, and  the  water  is  conducted  from  these  gutters  into  the  side 
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50  feet.  The  entrance  to  these  pipes  should  be  protected  against 
washing  by  a  rough  stone  paving.  In  the  case  of  covered  ditches 
under  the  footpath,  the  water  must  be  led  into  them  by  first  passing 
through  catch  basins.  These  are  small  masonry  vaults  covered 
with  iron  gratings  to  prevent  the  ingress  of  stones,  leaves,  etc. 
Connection  from  the  catch  basin  is  made  by  a  tile  pipe  about  6 
inches  in  diameter.  The  mouth  of  this  pipe  is  placed  a  few  feet 
above  the  bottom  of  the  catch  basin,  and  the  space  below  it  acts 
as  a  depository  for  the  silt  carried  by  the  water,  and  is  cleaned 
out  periodically.  The  catch  basins  may  be  placed  from  200  to 
300  feet  apart.  They  should  be  made  of  dimensions  sufficient 
to  convey  the  amount  of  water  which  is  liable  to  flow  into  them 
during  heavy  and  continuous  rains. 

If  on  inclines  the  velocity  of  the  water  is  greater  than  the  nature 

of  the  soil  will  withstand,  the  gutters  should  be  roughly  paved. 

;ases,  the  slope  adjoining  the  footpath  should  be  covered 

oud.    A  velocity  of  30  feet  a  minute  will  not  disturb  clay 

,,^n  sand  and  stone;  40  feet  per  minute  will  move  coarse  sand; 

60  feet  a  minute  will  move  gravel;  120  feet  a  minute  should  move 

round  pebbles  1  inch  in  diameter,  and  180  feet  a  minute  will  move 

angular  stones  If  inches  in  diameter. 

The  scour  in  the  gutters  on.  inclines  may  be  prevented  by 
small  weirs  of  stones  or  wood  stick  fascines  constructed  by  the 
roadmen  at  a  nominal  cost.  At  junctions  and  crossroads  the 
gutters  and  side  ditches  require  careful  arrangement  so  that  the 
water  from  one  road  may  not  he  thrown  upon  another;  cross  drain* 
and  culverts  will  be  required  at  such  places. 

Treatment  of  Springs  Found  in  Cuttings.  In  cutting,  springs 
are  frequently  encountered  and  become  a-  source  of  conMant  danger 
to  the  stability  of  the  slopes.  In  such  cases  the  .slope  ^Imuld  be 
excavated  at  the  point  \\here  the  water  appears,  until,  if  po^ible, 
the  source  is  reached,  \Mien  the  source  has  been  reached,  an  outlet 
is  provided  by  constructing  a  drain  and  connecting  it  with  the 
drain  at  the  roadside.  Sometimes  it  may  he  impossible  to  trace 
the  water  to  a  single  source,  the  whole  face  of  the  cutting  being 
saturated  for  some  distance.  In  such  cases  the  treatment  may 
be  difficult  and  expensive,  but  a  series  of  drains  may  be  run  up  the 
slope  to  such  height  us  will  tap  all  the  water  appearing. 
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In  cuttings,  the  ditch  at  the  toe  of  the  slope  is  liable  to  be 
filled  with  silt  carried  down  the  slope  by  rain;  and  where  this  might 
occur,  covered  drains  should  be  constructed. 

Drainage  for  Hillside  Roads.  On  hillside  or  mountain  roads 
catch-water  ditches  should  be  cut  on  the  mountain  side  above  the 
road,  to  cut  off  and  convey  the  drainage  of  the  ground  above  them 
to  the  neighboring  ravines.  The  size  of  these  ditches  will  be 
determined  by  the  amount  of  rainfall,  extent  of  drainage  from  the 
mountain  which  they  intercept,  and  by  the  distances  of  the  ravine 
watercourses  on  each  side. 

Inner  and  Outer  Road  Gutters.  The  inner  road  gutter  should 
be  of  dimensions  ample  to  carry  off  the  water  reaching  it;  when 
in  soil,  it  should  be  roughly  paved  with  stone.  When  paving  is 
not  absolutely  necessary,  but  is  desirable  to  arrest  the  scouring 
action  of  running  water  during  heavy  rains,  stone  weirs  may  be 
erected  across  the  gutter  at  convenient  intervals.  The  outer  gutter 
need  not  be  more  than  12  inches  wide  and  9  inches  deep.  The 
gutter  is  formed  by  a  depression  in  the  surface  of  the  road  close 
to  the  parapet  or  revetted  earthen  protection  mound.  The  drainage 
which  falls  into  this  gutter  is  led  off  through  the  parapet,  or  other 
roadside  protection,  at  frequent  intervals.  The  guard  stones  on 
the  outside  of  the  road  are  placed  in  and  across  the  gutter,  just 
below  the  drainage  holes,  so  as  to  turn  the  current  of  the  drainage 
into  these  holes  or  channels.  On  straight  reaches,  with  parapet 
protection,  drainage  holes  with  guard  stones  should  be  plaeed  every 
20  feet  apart.  Where  earthen  mounds  are  used,  and  it  may  not  be 
convenient  to  have  the  drainage  holes  or  channels  every  20  feet, 
the  gnardstoncs  are  to  be  placed  in  advance  of  the  gutter  to  allow 
the  drainage  to  pass  behind  them.  This  drainage  is  either  to  he 
run  off  at  the  cross  drainage  of  the  road,  or  to  be  turned  oil'  as  before 
by  a  guard  stone  set  across  the  gutter. 

At  re-entering  turns,  where  the  outer  side  of  the  road  requires 
particular  protection,  guard  stones  should  bo  placed  c\  cry  4  feet. 
As  all  re-entering  turns  should  be  protected  by  parapets,  the  drainage 
holes  through  them  may  be  placed  as  close  together  as  desired. 

Where  the  road  is  in  embankment  the  surface  water  must  be 
pre\ented  from  running  down  the  slopes  by  providing  ample  gutters 
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Water  Breaks.  Water  breaks  to  turn  the  surface  drainage 
into  the  side  ditches,  should  not  be  constructed  on  improved  roads. 
They  increase  the  grade  and  are  an  impediment  to  convenient 
and  easy  travel.  Where  it  is  necessary  that  water  should  cross 
the  road,  a  culvert  should  be  built. 

CULVERTS 

Functions  of  Culverts.  Culverts  are  necessary  for  carrying 
the  cross  streams  under  a  road,  and  also  for  conveying  the  surface 
water  collected  in  the  side  ditches  from  the  upper  side  to  that  side 
on  which  the  natural  watercourses  lie. 

Especial  care  is  required  to  provide  an  ample  way  for  the  water 
to  be  passed.    If  the  culvert  is  too  small,  it  is  liable  to  cause  a 
washout,  entailing  interruption  of  traffic  and  cost  of  repairs,  and 
possibly  may  cause  accidents  that  will  require  payment  of  large 
sums  for  damages.    On  the  other  hand,  if  the  culvert  is  made 
isarily  large,  the  cost  of  construction  is  needlessly  increased. 
^actors  Considered  in  Design  of  Culverts.    The  area  of  water- 
way required  depends  upon  a  number  of  important  factors,  which 
will  be  discussed  briefly. 

Rate  of  Rainfall.  It  is  the  maximum  rate  of  rainfall  during 
the  severest  storms  which  is  required  in  this  connection.  This 
varies  greatly  in  different  sections  of  the  country. 

The  maximum  rainfall  as  shown  by  statistics  is  about  one  inch 
per  hour  (except  during  heavy  storms);  equal  to  :>>,i\:\i)  cubic  Feet 
per  acre.    Owing  to  various  causes,  not  more  than  .">()  to  7.*>  per 
cent  of  this  amount  will  reach  the  culvert  \\ithin  the  same  hour. 
Inches  of  rainfall X.'WM)        =  cubic  feet  per  acre 
Inches  of  rainfall X2f;!2:{,2(M)  =  cubic  feet  per  .square  milr 
Kind  and  Condition  of  Hull.     The  amount  of  water  to  be  drained 
off  will  depend  upon  the  permeability  of  the  surface  ol'  the  ^rmmd, 
which  will  vary  greatly  with  the  kind  of  soil,  t  he  de-ree  of  sat  lira  t  ion! 
the  condition  of  the  cultivation,  the  amount  of   \e«etatii>u,  etc! 
Character  tnid  I  Hcltnatmn  of  Xiu-fwr.  Therapidiu  \\ith  \\hich  the 
water  will  reach  the  watercourse  depends  upon  \\hethcr  the  surface  is 
rough  or  smooth,  steep  or  flat,  barren  or  coxered  \\ith  \  citation,  etc. 
Condition  and  Inclination  of  Mmim  tt(<i     The  rapiditv  '\\ith 
which  the  water  \ull  reach  the  culvert  depends  upon  whether  there 
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is  a  well-defined  and  unobstructed  channel  or  whether  the  water  finds 
its  way  in  a  broad,  thin  sheet.  If  the  watercourse  is  unobstructed  and 
has  a  considerable  inclination,  the  water  may  arrive  at  the  culvert 
nearly  as  rapidly  as  it  falls;  but  if  the  channel  is  obstructed,  the 
water  may  be  much  longer  in  passing  the  culvert  than  in  falling. 

Shape  of  Area  to  be  Drained  and  Position  of  Stream  Branches. 
The  area  of  waterway  depends  upon  the  amount  of  the  area  to 
be  drained;  but  in  many  cases  the  shape  of  this  area  and  the  position 
of  the  branches  of  the  stream  are  of  more  importance  than  the 
amount  of  the  -territory.  For  example,  if  the  area  is  long  and 
narrow,  the  water  from  the  lower  portion  may  pass  through  the 
culvert  before  that  from  the  upper  end  arrives;  or,  on  the  other 
hand,  if  the  upper  end  of  the  area  is  steeper  than  the  lower,  the  water 
from  the  former  may  arrive  simultaneously  with  that  from  the 
latter.  Again,  if  the  lower  part  of  the  area  is  supplied  better  with 
branches  than  the  upper  portion,  the  water  from  the  former  will 
be  carried  past  the  culvert  before  the  arrival  of  that  from  the  latter; 
or,  on  the  other  hand,  if  the  upper  part  is  supplied  better  with  branch 
watercourses  than  is  the  lower,  the  water  from  the  whole  area 
may  arrive  at  the  culvert  at  nearly  the  same  time.  In  large  areas 
the  shape  of  the,  area  and  the  position  of  the  watercourses  are  very 
important  considerations. 

Month  of  Cuhrrt  and  Inclination  of  7>W.  The  efficiency  of  a 
culvert  may  be  increased  very  materially  by  arranging  the  upper 
end  so  that  the  water  may  enter  into  it  without  being  retarded. 
The  discharging  capacity  of  <i  culvert  can  be  increased  greatly  by 
increasing  the  inclination  of  its  bed,  pro\ided  the  channel  below  will 
allow  the  \\ater  to  flow  a\\ay  freely  after  having  passed  the  culvert. 

l^orifiioii  for  Diarhnnjc  of  Water  Under  Head.  The  discharging 
capacity  of  a  culvert,  can  be  increased  greatly  by  allotting  the  water 
to  dam  up  above  it.  A  culvert  \\ill  discharge  t\\ire  as  much  under 
a  head  of  four  feet  as  under  a  head  of  one  foot.  This  can  be  done 
safely  only  \\ith  a  \\  ell-constructed  culvert. 

The  determination  of  the  values  of  the  difl'ereiit  factors  entering 
into  the  problem  is  almost  wholly  a.  matter  of  judgment.  An 
estimate  for  any  one  of  the  above  factors  is  liable  to  be  in  error 
from  100  to  "200  ]>cr  cent,  or  e\en  more,  and  of  course  any  result 
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mathematical  exactness  is  not  required  by  the  problem  nor  warranted 
by  the  data.  The  question  is  not  one  of  10  or  20  per  cent  of  increase; 
for  if  a  2-foot  pipe  is  insufficient,  a  3-foot  pipe  probably  will  be 
the  next  size,  an  increase  of  225  per  cent;  and  if  a  6-foot  arch  culvert 
is  too  small,  an  8-foot  will  be  used,  an  increase  of  180  per  cent. 
The  real  question  is  whether  a  2-foot  pipe  or  an  8-foot  arch  culvert 
is  needed. 

Valuable  data  on  the  proper  size  of  any  particular  culvert  may 
be  obtained  as  follows:  (1)  by  observing  the  existing  openings  on 
the  same  stream;  (2)  by  measuring,  preferably  at  time  of  high 
water,  a  cross  section  of  the  stream  at  some  narrow  place;  and  (3) 
by  determining  the  height  of  high  water  as  indicated  by  drift  and 
d6bris,  and  from  the  evidence  of  the  inhabitants  of  the  neighborhood. 

On  mountain  roads,  or  roads  subjected  to  heavy  rainfall, 
culverts  of  ample  dimensions  should  be  provided  wherever  required, 
and  it  will  be  more  economical  to  construct  them  of  masonry.  In 
localities  where  boulders  and  d6bris  are  likely  to  be  washed  clown 
during  wet  weather,  it  will  be  a  good  precaution  to  construct  catch 
pools  at  the  entrance  of  all  culverts  and  cross  drains  for  the  reception 
of  such  matter.  In  hard  soil  or  rock  these  catch  pools  will  be 
simple  well-like  excavations,  with  their  bottoms  two  or  three  Feet 
below  the  entrance  sill  or  floor  of  the  culvert  or  drain.  Where 
the  soil  is  soft  they  should  be  lined  with  stone  laid  dry;  if  very  soft, 
with  masonry.  The  size  of  the  catch  pools  will  depend  upon  the 
width  of  the  drainage  works.  They  should  be  wide  enough  to 
prevent  the  drains  from  being  injured  by  Falling  rocks  and  stones 
of  a  not  inordinate  size. 

The  use  of  catch  pools  obviates  the  necessity  of  building  cuKcrts 
and  drains  at  an  angle  to  the  axis  of  the  road.  Oblique  .structures 
are  objectionable,  as  being  longer  than  if  set  at  right  angles  a 'id  by 
reason  of  the  acute-  and  obtuse-angled  terminations  to  their  piers, 
abutments,  and  coverings. 

Types  of  Culverts 

General  Classification.  Three  t\pes  of  culverts  are  employed, 
namely:  pipe,  box,  and  arch.  The  pipe  euUert  is  employed  for 
small  streams,  in  sizes  'from  12  to  24  inches.  Ho\  culverts  are 
employed  in  sizes  from  24  inches  up  to  8  feet.  Arch  culverts  are 
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used  for  spans  8  feet  and  over.  In  the  construction  of  culverts 
a  variety  of  materials  are  used.  Pipe  culverts  are  constructed 
of  earthenware  or  vitrified  clay,  cast  iron,  corrugated  steel,  brick, 
or  concrete;  box  and  arch  culverts  are  built  of  stone,  brick,  or  con- 
crete. Short  span  concrete  bridges  are  also  often  employed  as 
culverts.  The  type  of  culvert  and  the  material  to  be  used  are 
determined  in  some  cases  by  the  cost;  in  others  by  the  load  to  be 
supported,  as  where  the  depth  of  fill  over  the  culvert  is  considerable, 
or  where  a  large  area  of  waterway  is  required. 

Earthenware  Pipe  Culverts.  Construction.  In  laying  the  pipe 
the  bottom  of  the  trench  should  be  rounded  out  to  fit  the  lower 
half  of  the  body  of  the  pipe,  with  proper  depressions  for  the  sockets. 
If  the  ground  is  soft  or  sandy,  the  earth  should  be  rammed  carefully, 
but  solidly,  in  and  around  the  lower  part  of  the  pipe.  The  top 
surface  of  the  pipe,  as  a  rule,  never  should  be  less  than  18  inches 
below  the  surface  of  the  roadway,  but  there  are  many  cases  where 
pipes  have  stood  for  several  years,  under  heavy  loads,  with  only 
8  to  12  inches  of  earth  over  them.  No  danger  from  frost  need  be. 
apprehended,  provided  the  culverts  are  so  constructed  that  the 
water  is  carried  away  from  the  level  end.  Ordinary  soft  drain 
tiles  are  not  afTectcd  in  the  least  by  the  expansion  of  frost  in  the 
earth  around  them. 

The  freezing  of  water  in  the  pipe,  particularly  if  more  than  half 
full,  is  liable  to  burst  it;  consequently  the  pipe  should  have  a  suffi- 
cient fall  to  drain  itself,  and  the  outside  should  be  so  low  that  there 
is  no  danger  of  backwaters  reaching  the  pipe.  If  properly  drained, 
there  is  no  danger  from  frost. 

Jointing.  In  many  cases,  perhaps  in  most,  the.  joints  are 
not  calked.  If  this  is  not  done,  there  is  danger  of  the  water  being 
forced  out  of  the  joints  and  of  \\ashing  away  the  soil  from  around 
the  pipe.  K\en  if  the  danger  is  not  very  imminent,  the  joints 
of  the  larger  pipes,  at,  least,  should  he  calked  \\ilh  Imlraulic  cement, 
since  the  cost  is  very  small  compared  with  the  insurance  against 
damage  thereby  secured.  Sometimes  the  joints  are  calked  \\ith 
clay.  Every  cuKert  should  be  built  so  it  can  discharge  \\ater 
under  a  head  without  damage  to  itself. 

I'M  of  Ijitlliht'dds.     Although  often  omitted,  the  end  sections 
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The  foundation  of  the  bulkhead  should  be  deep  enough  not  to  be 
disturbed  by  frost.  In  constructing  the  end  wall,  it  is  well  to 
increase  the  fall  near  the  outlet  to  allow  for  a  possible  settlement 


Fig.  26.    Typical  Design  for  Masonry  Bulkhead 

of  the  interior  sections.  When  stone  and  brick  abutments  are  too 
expensive,  a  fair  substitute  can  be  made  by  setting  posts  in  the 
ground  and  spiking  plank  to  them.  When  planks  are  used,  it 
is  best  to  set  them  with  considerable  inclination  towards  the  road- 
bed to  prevent  their  being  crowded  outward  by  the  pressure  of  the 
embankment.  The  upper  end  of  the  culvert  should  be  so  protected 
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that  the  water  will  not  readily  find  its  \\ay  alon.u  thr  ouNiilc  of  the 

pipes,  in  case  the  mouth  of  the  culvert  should  Ix-romc  Milmirrtful. 

When  the  capacity  of  one  pipe  is  not  MiHicimt,  t\\<>  or  uioiv 

may  be  laid  side  by  side  as  sho\\n  in  Fiir.  L>7.      \hlmn.rli  tl,,>  tu-,» 
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small  pipes  do  not  have  as  much  discharging  capacity  as  a  single 
large  one  of  equal  cross  section,  yet  there  is  an  advantage  in  laying 
two  small  ones  side  by  side,  since  the  water  need  not  rise  so  high 
to  utilize  the  full  capacity  of  the  two  pipes  as  would  be  necessary 
to  discharge  itself  through  a  single  one  of  large  size. 

Iron  Pipe  Culverts.  During  recent  years  iron  pipe,  Fig.  28, 
has  been  used  for  culverts  on  many  prominent  railroads,  and  may 
be  used  on  roads  in  sections  where  other  materials  are  unavailable. 

In  constructing  a  culvert  with  cast-iron  pipe  the  points  requiring 
particular  attention  are:  (1)  tamping  the  soil  tightly  around  the 
pipe  to  prevent  the  water  from  forming  a  channel  along  the  outside; 
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and  (*)  protecting  the  cuds  by  suitable  head  walls  and,  when  neces- 
sary laying  riprap  at  tl.e  lower  end.  The  amount  of  masonry 
required  for  the  end  walls  depends  upon  the  relative  width  of  the 
embankment  and  the  number  of  sections  of  pipe  used.  For  example, 
if  the  embankment  is,  say,  -10  feet  wide  at  the  base,  the  culvert 
may  consist  of  three  12-foot  lengths  of  |>i|>e  and  a  lijjht  end  wall 
near  the  Ice  of  1he  bank;  but  if  the,  embankment  is,  say,  .'12  leet 
wide  1l,c  cnKcrt,  nun  con.ist  of  two  12-l'oot  lengths  of  pipe  and  a 
<•oinpan.lix.-h  heavv  en.l  wall  well  back  from  the  loo  of  the  bank. 
The  smaller  si/.es  of  pipe  usually  come  in  12-foot  lengths,  but  some- 
times a  few  (.-loot  lengths  are  included  for  use  in  adjusting  the 
of  the  cuhert  to  the  width  of  the  bank.  The  larger  sizes 
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Box  Culverts.  Box  culverts,  Fig.  29,  consist  of  two  side  walls 
with  a  flat  deck.  When  stone  is  used,  they  are  generally  built  of 
dry  rubble  masonry.  The  walls  should  be  well  founded  at  about 
42  inches  below  the  bed  of  the  stream.  The  thickness  of  the  walls 
varies  according  to  the  height.  The  wings  are  formed  by  extending 
the  walls  out  straight  and  stepping  them  down.  The  deck  may  be 
made  of  stone  slabs  or  reinforced  concrete;  with  the  latter  it  is 
possible  to  use  wider  spans  than  with  stone  slabs.  Where  the  force 
of  the  stream  is  sufficient  to  scour  the  bed,  it  will  be  necessary  to 
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pave  it  with  stone  or  concrete.  Wlicn  reinforce*]  com  rctc  is  UMM! 
instead  of  stone,  the  side  \\jills  are  made  from  1  to  X  im-his  thick, 
depending  upon  the  height.  \Yherc  it  is  not  nece^ary  to  pa\e 
the  stream  bed,  the  walls  are  carried  do\\n  about  '2  feet  bdrnv  (he 
bed,  and  founded  upon  a  footing  <)  to  1'J  indie-  thick  and  Millirirntly 
wide  to  secure  ample  area  of  the  soil  to  Mipport  the  load.  \\  here 
scouring  of  the  bed  is  liable  to  occur,  a  concrete  bottom  is  con- 
structed throughout  the  entire  width  and  length  of  the  culvert, 
and  the  side  walls  are  founded  on  it:  if  necessarv.  a  cut-off  wall 
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is  constructed  across  each  end  to  a  depth  of  about  2  feet  below 
the  bottom. 

Arch  Culverts.  The  arch  form  of  culvert  is  more  costly  than 
the  other  forms,  but  it  is  often  preferred  on  account  of  its  appearance, 
Fig.  30.  When  masonry  and  plain  concrete  are  used,  very  heavy 
abutments  are  required  in  order  that  no  movement  can  take  place 
under  a  live  load,  to  cause  bending  moments  in  the  arch.  In  design- 
ing reinforced-concrete  arches,  bending  is  provided  for  by  consider- 
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V\K.  .SO.     Dr-sign  for  Arch  Culvert 

ing  the  arch  as  a  curved  beam,  with  a  consequent  reduction  in  the 
weight  of  the  abutments. 

Short  Span  Bridges  Used  as  Culverts.  Three  tt\pes  of  rein- 
forced-cone  re  to  bridges  are  employed  for  short  spans:  (//)  the  flat 
slab;  (/>)  the  T-l>eam;  (r)  the  steel  I -beam  incased  in  concrete, 
Fig.  !>1.  The  length  of  span  over  which  reinforced  slabs  may  be 
built  uith  safety  depends  upon  the  load  to  be  carried;  under  normal 
conditions  the  maximum  span  is  12  feet.  The  thickness  of  the  slab 
for  a  span  2  feet  should  be  not  less  than  G  inches  and  should  increase 
with  increase  of  span.  The  slabs  are  reinforced  with  steel  bars, 
ovnnndod  metal,  or  other  forms  of  reinforcing  metal;  the  cross- 
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sectional  area  of  the  reinforcing  steel  required  is  about  1  per  cent 
of  that  of  the  slab.* 

The  T-beam  type  is  practicable  for  spans  from  12  to  30  feet. 
The  I-beam  type  may  be  used  for  all  spans  up  to  30  feet.  In  this 
type,  the  I-beam  is  designed  to  transmit  the  load  to  the  abutments, 
while  the  reinforced-concrete  floor  transmits  the  load  to  the  I-beams. 
This  type  of  construction  is  noted  for  its  safety  and  ability  to  with- 
stand  severe  and  unfavorable  conditions,  such  as  the  settlement 
of  the  abutments,  which  may  cause  rupture  of  the  concrete.  The 
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Section  Through  Top  for  /  Beam  Cvl*c'  t 
Fig.  .'U       Sections  of  T\|)jc;il  Short  S|MIM  Cuiififli-  HmU'i-M  1  -«-il  ;i^  CuUuM 

I-beam  may  or  may  not  be  incnsrd  in  tlie  concrete;  thr  object  Mm^lit 
in  so  doing  is  to  protect  it  from  rust.  This  inny  l>c  acconipli^lic*! 
also  by  painting,  but  as  this  needs  to  be  repeated  I'reqiinitly  and 
as  there  is  a  possibility  that  it  will  not  he  done,  it  is  better  to  incase 
the  beams  in  the  concrete  during  construction,  and  so  insure  their 
permanent  protection.  This  t\pe  also  admits  of  arch  construction 
between  the  beams  for  the  (loor  s\ stem,  thus  decreasing  the  depth 
required  for  the  floor;  this  feature  may  ho  of  value  in  local  ions  where 
the  area  of  the  waterway  or  the  "head  room"  is  a  controlling  factor. 

*The  theory  of  design  of  roncrclr  brides  ;md  ruhrrts  M  diMMHsH   in  Masunrv  nrnl   Uun- 
forced  Concrete,  Part  1 1 1 
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EARTHWORK 

The  term  "earthwork"  is  applied  to  all  the  operations  per- 
formed in  the  making  of  excavations  and  embankments.  In  its 
widest  sense  it  comprehends  work  in  rock  as  well  as  in  the  looser 
materials  of  the  earth's  crust. 

Balancing  Cuts  and  Fills.  In  the  construction  of  new  roads, 
the  formation  of  the  roadbed  consists  in  bringing  the  surface  of  the 
ground  to  the  adopted  grade.  This  grade  should  be  established  so  as 
to  reduce  the  earthwork  to  the  least  possible  amount,  both  to  render 
the  cost  of  construction  low,  and  to  avoid  unnecessarily  marring 
the  appearance  of  the  country  in  the  vicinity  of  the  road.  The 
most  desirable  position  of  the  grade  line  is  usually  that  which  makes 
the  amounts  of  cutting  and  filling  equal  to  each  other,  for  any  sur- 
plus embankment  over  cutting  must  be  made  up  by  borrowing, 
and  surplus  cutting  must  be  wasted;  both  of  these  operations 
involving  additional  cost  for  labor  and  land. 

Side  Slopes.  Inclination.  The  proper  inclination  for  the 
side  slopes  of  cutting  and  embankments  depends  upon  the  nature 
of  the  soil,  the  action  of  the  atmosphere,  and  the  action  of  internal 
moisture  upon  it.  For  economy  the  inclination  should  be  as  steep 
as  the  nature  of  the  soil  will  permit. 

The  usual  slopes  in  cuttings  are: 

Solid  rock  ^          to  1 

Earth  and  gravel  l£        to  1 

Clay  3  or  0  to  1 

Fine  sand  2  or  3  to  1 

The  slopes  of  embankment  are  usually  made  1^  to  1. 

Form  of  Slopes.  The  natural,  strongest,  and  ultimate  form 
of  earth  slopes  is  a  concave  curve,  in  which  the  flattest  portion 
is  at  the  bottom.  This  form  is  very  rarely  given  to  the  slopes  in 
constructing  them;  in  fact,  the  reverse  is  often  the  case,  the  slopes 
being  made  convex,  thus  saving  excavation  by  the  contractor 
and  inviting  slips. 

In  cuttings  exceeding  10  feet  in  depth  the  forming  of  concave 
slopes  will  aid  materially  in  preventing  slips,  and  in  any  case  they 
will  reduce  the  amount  of  material  which  eventually  will  have  to 
be  removed  when  cleaning  up.  Straight  or  convex  slopes  will 

f«rmfirm*»   +f\    ulirk   unfil   -fVi^  na-Hiral    fr\rm    ic   offciin^rl 
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A  revetment  or  retaining  wall  at  the  base  of  a  slope  will  save 
excavation. 

In  excavations  of  considerable  depth,  and  particularly  in  soils 
liable  to  slips,  the  slope  may  be  formed  in  terraces,  the  horizontal 
offsets  or  benches  being  made  a  few  feet  in  width  with  a  ditch  on 


Fig.  32.    Section  Showing  Correct  Slopes  of  Embankments 


the  inner  side  'to  receive  the  surface  water  from  the  portion  of  the 
side  slope  above  them.    These  benches  catch  and  retain  earth 


Fig   33.    Section  Showing  Correct  Slopes  of  Excavations 

that  may  fall  from  the  slopes  above  them.  The  correct  forms  for 
the  slopes  of  embankment  and  excavation  are  shown  in  Figs.  :& 
and  33. 

Covering  of  Slopes.  It  is  not  usual  to  employ  any  artificial 
means  to  protect  the  surface  of  the  side  slopes  from  the  action  of 
the  weather;  but  it  is  a  precaution  which  in  the  end  will  save  much 
labor  and  expense  in  keeping  the  roadways  in  #ood  order.  The 
simplest  means  which  can  be  used  for  this  purpose  eon.sist  in  rover- 
ing  the  slopes  with  good  sods,  or  else  with  a  layer  of  \ eatable 
mold  about  four  inches  thick,  carefully  laid  and 'sown  with  ^rass 
seed.  These  means  are  amply  sufficient  to  protect  the  .side  slopes 
'  from  injury  when  they  are  not  exposed  to  any  other  can.se  of 
deterioration  than  the  wash  of  the  rain  and  the  action  of  fro^t 
on  the  ordinary  moisture  retained  by  the  soil. 

A  covering  of  brushwood  or  a  thatch  of  straw  may  also  he  used 
with  good  effect;  but  from  their  perishable  nature  they  will  require 
frequent  renewal  and  repairs. 

Where  stone  is  abundant  a  small  wall  of  stone  laid  dry  may  be 
constructed  at  the  foot  of  the  slopes  to  prevent  any  wash  from  them 
being  carried  into  the  ditches. 


HIGHWAY  CONSTRUCTION  57 

Shrinkage  of  Earthwork.  All  materials  when  excavated  in- 
crease in  bulk,  but  after  being  deposited  in  banks  subside  or  shrink 
(rock  excepted)  until  they  occupy  less  Space  than  in  the  pit  from 
which  excavated. 

Rock,  on  the  other  hand,  increases  in  volume  by  being  broken 
up,  and  does  not  settle  again  into  less  than  its  original  bulk.  The 
increase  may  be  taken  at  50  per  cent. 

The  shrinkage  an  the  different  materials  is  about  as  follows : 

Gravel  8  per  cent    ' 

Gravel  and  sand  9  per  cent 

Clay  and  clay  earths  10  per  cent 

Loam  and  light  sandy  earths  12  per  cent 

Loose  vegetable  soil  15  per  cent 

Puddled  clay  ,  25  per  cent 

Thus  an  excavation  of  loam  measuring  1000  cubic  yards  will 
form  only  about  880  cubic  yards  of  embankment,  or  an  embankment 
of  1000  cubic  yards  will  require  about  1120  cubic  yards,  measured 
in  excavation,  to  make  it.  A  rock  excavation  measuring  1000  yards 
will  make  from  1500  to  1700  cubic  yards  of  embankment,  depending 
upon  the  size  of  the  fragments. 

The  lineal  settlement  of  earth  embankments  will  be  about  in 
the  ratio  given  above;  therefore  either  the  contractor  should  be 
instructed,  in  setting  his  poles  to  guide  him  as  to  the  height  of  grade 
on  an  earth  embankment,  to  add  the  required  percentage  to  the 
fill  marked  on  the  stakes,  or  the  percentage  may  be  included  in 
the  fill  marked  on  the  stakes.  In  rock  embankments  this  is  not 
necessary. 

Classification  of  Earthwork.  Excavation  is  usually  classified 
as  earth,  hardpan,  loose  rock,  or  solid  rock.  For  each  of  those 
classes  a  specific  price  is  usually  agreed  upon,  and  an  extra,  allowance 
is  sometimes  made  when  the  haul,  or  distance  to  which  the  excavated 
material  is  moved,  exceeds  a  given  amount. 

The  characteristics  which  determine  the  classes  to  which  a 
given  material  belongs  are  usually  described  with  clearness  in  the 
specifications,  as: 

Earth,  to  include  loam,  clay,  sand,  and  loose  gravel. 

Ilardpan,  to  include  cemented  gravel,  slate,  cobbles,  and 
boulders  containing  less  than  1  cubic  foot,  and  all  other  material 
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Loose  rocky  to  include  shale,  decomposed  rock,  boulders,  and 
detached  masses  of  rock  containing  not  less  than  3  cubic  feet,  and 
all  other  material  of  a  rock  nature  which  may  be  loosened  with  a 
pick,  although  blasting  may  be  resorted  to  in  order  to  expedite  the 
work. 

Solid  rock,  to  include  all  rock  found  in  place  in  ledges  and 
masses,  or  boulders  measuring  more  than  3  cubic  feet,  and  which 
can  only  be  removed  by  blasting. 

Prosecution  of  Earthwork.  No  general  rule  can  be  laid  down 
for  the  exact  method  of  carrying  on  an  excavation  and  disposing 
of  the  excavated  material.  The  operation  in  each  case  can  be 
determined  only  by  the  requirements  of  the  contract,  character 
of  the  material,  magnitude  of  the  work,  length  of  haul,  etc. 
'  Methods  of  Forming  Embankments.  General  Case.  Where 
^nbankments  are  to  be  formed  less  than  2  feet  in  height,  all  stumps, 
weeds,  etc.,  should  be  removed  from  the  space  to  be  occupied  by 
the  embankment.  For  embankments  exceeding  2  feet  in  height 
stumps  need  only  be  close  cut.  Weeds  and  brush,  however,  ought 
to  be  removed  and  if  the  surface  is  covered  with  grass  sod,  it  is 
advisable  to  plow  a  furrow  at  the  toe  of  the  slope.  Where  a  cut 
passes  into  a  fill  all  the  vegetable  matter  should  be  removed  from 
the  surface  before  placing  the  fill.  The  site  of  the  bank  should 
be  examined  carefully  and  all  deposits  of  soft,  compressible  matter 
removed.  When  a  bank  is  to  be  made  over  a  swamp  or  marsh, 
the  site  should  be  drained  thoroughly,  and  if  possible  the  fill  should 
be  started  on  hard  bottom. 

Perfect  stability  is  the  object  aimed  at,  and  all  precautions 
necessary  to  this  end  should  he  taken.  Embankments  should  be 
built  in  successive  layers:  banks  2  feet  and  under  in  layers  from  0 
inches  to  1  foot;  heavier  banks  in  layers  2  and  I]  feet  thick.  Tin- 
horses  and  vehicles  conveying  the  materials  should  he  required  to 
pass  over  the  bank  for  the  purpose  of  consolidating  it,  and  care 
should  be  taken  to  have  the  layers  dip  towards  the  center.  Embank- 
ments which  have  been  first  built  up  in  the  center,  and  after- 
wards widened  by  dumping  the  earth  OUT  the  sides,  should  never 
be  allowed. 

Embankments  on  Hillsides.  When  the  axis  of  the  road  is 
laid  out  on  the  side  slonp  nf  a  hill  jmd  tlu»  rn-ul  ;.•  fi»mn,»,i  »,.,rfi*r 
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by  excavating  and  partly  by  embanking,  the  usual  and  most  simple 
method  is  to  extend  out  the  embankment  gradually  along  the  whole 
line  of  the  excavation.  This  method  is  insecure;  the  excavated 
material  if  simply  deposited  on  the  natural  slope  is  liable  to  slip, 
and  no  pains  should  be  spared  to  give  it  a  secure  hold,  particularly 
at  the  toe  of  the  slope.  The  natural  surface  of  the  slope  should  be 
cut  into  steps,  as  shown  in  Fig.  34.  The  dotted  line  AB  represents 
the  natural  surface  of  the  ground,  CEB  the  excavation,  and  A  DC 
the  embankment,  resting  on  steps  which  have  been  cut  between  A 
and  C.  The  best  position  for  these  steps  is  perpendicular  to  the 
axis  of  greatest  pressure.  If  AD  is  inclined  at  the  angle  of  repose 
of  the  material,  the  steps  near  A  should  be  inclined  in  the  oppo- 
site direction  to  AD,  and  at  an  angle  of  nearly  90  degrees  thereto, 


Fig    .U      Si't'Uon  of  Embankment  Showing  Humforcmg  bv  Means  of  Steps 

while  the  steps  near  ('  may  he  level.  IF  stone  is  abundant  in  the 
locality,  the  toe  of  the  slope  may  be  further  secured  by  a  dry  wall 
of  stone. 

On  hillsides  of  great  inclination  the  above  method  of  construc- 
tion \vill  not  be  sufficiently  secure;  retaining  walls  of  stone  must 
be  substituted  for  the  side  slopes  of  both  the  excavations  and  embank- 
ments. These  walls  may  he  made  of  stone  laid  dry,  when  stone 
can  be  procured  in  blocks  of  sufficient  s'r/e  to  render  this  kind  of 
construction  of  sufficient  stability  to  resist  the  pressure  of  the 
earth.  When  the  stones  laid  dry  do  not  offer  this  security,  they 
must  he  laid  in  mortar.  The  wall  which  forms  the  slope  of  the 
excavation  should  be  carried  up  as  high  as  the  natural  surface 
of  the  ground.  1'mYss  the  material  is  such  that  the  slope  may  he 
safely  formed  into  steps  or  benches,  as  shown  in  Fig.  )U,  the  wall 
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of  the  roadway,  anda  parapet  wall  or  fence  raised  upon  it,  to  protect 
pedestrians  against  accident,  Fig.  35. 

For  the  formula  for  calculating  the  dimensions  of  retaining 
walls  see  Instruction  Paper  on  Masonry  and  Reinforced  Concrete, 
Part  III. 

Treatment  of  Roadways  on  Rock  Slopes.  On  rock  slopes,  when 
the  inclination  of  the  natural  surface  is  not  greater  than  1  on  the 
vertical  to  2  on  the  base,  the  road  may  be  constructed  partly  in 
excavation  and  partly  in  embankment  in  the  usual  manner,  or 
by  cutting  the  face  of  the  slope  into  horizontal  steps  with  vertical 
faces,  and  building  up  the  embankment  in  the  form  of  a  solid  stone 
wall  in  horizontal  courses,  laid  either  dry  or  in  mortar.  Care  is 
required  in  proportioning  the  steps,  as  all  attempts  to  lessen  the 
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Fig   35.    Reinforcing  Roadway  by  Panipot  TVulI  or  Fence- 

quantity  of  excavation,  by  increasing  the  number  and  diminishing 
the  width  of  the  steps,  require  additional  precautions  against  .settle- 
ment in  the  built-up  portion  of  the  roadway. 

When  the  rock  slope  has  a  greater  inclination  than  1:12  the 
whole  of  the  roadway  should  be  in  excavation. 

In  some  localities  roads  have  been  constructed  along  the  Face 
of  nearly  perpendicular  cliffs,  on  timber  frameworks  consisting  of 
horizontal  beams  firmly  fixed  at  one  end  by  being  let  into  holes 
drilled  in  the  rock,  the  other  end  being  supported  by  an  inclined 
strut  resting  against  the  rock  in  a  shoulder  cut  to  receive  it.  There 
are  also  examples  of  similar  platforms  suspended  instead  of  being 
supported. 

Tools  for  Construction  Work 

Picks.  Picks  are  made  in  various  styles,  according  to  the  class 
of  material  in  which  they  are  to  be  used.  Fig.  30  shows  the  form 


HIGHWAY  CONSTRUCTION 


61 


usually  employed  in  street  work.    Fig.  37  shows  the  form  generally 
used  for  clay  or  gravel  excavation. 


Fig.  36.     Grading  Pick 
Courtesy  of  Acme  Road  Machinery  Company,  Frankfort,  New  York 


The  eye  of  the  pick  is  formed  generally  of  wrought  iron,  while 
the  points  are  of  steel.  The  weight  of  picks  ranges  from  4  to  9 
pounds. 


Fig.  37.     Clay  Pick 
Courtesy  of  Acme  Road  Machinery  Company,  Frankfort,  New  York 


Grubbing  Tools.  In  handling  brush,  stumps,  etc.,  such  tools 
as  the  bush  hooks,  Fig.  38,  the  bush  mattock,  Fig.  39,  and  the  axe 
mattock,  Fig.  40,  are  com- 
monly used.  These  are 
cutting  as  well  as  grading 
tools. 

Shovels.  Shovels,  Fig. 
41,  arc  made  in  two  forms, 
square  and  round  pointed, 
usually  of  pressed  steel. 

Plows.  Plows  are  cm- 
ployed  extensively  in  grud- 


Hush  Hooks 


10      A\o  M.ittix  K. 


ing,  special  forms  beiii^  manufactured  for  the  purpose.     They  tire 
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They  vary  in  form  according  to  the  kind  of  work  they  are  intended 
for,  viz,  loosening  earth,  gravel,  hardpan,  and  some  of  the  softer  rocks. 

These  plows  are  of  great  strength  ; 
tjjjm          selected  white  oak,  rock  elm,  wrought 
^^f          steel,  and  iron  generally  bdng  used  in 
^B          their  construction.    The  cost  of  oper- 
1^  ating  plows  ranges  from  2  to  5  cents 

•  per  cubic  yard,  depending  upon  the 

•  compactness  of  the  soil.    The  quan- 

•  tity  of  material  loosened  will  vary 

•  from  2  to  5  cubic  yards  per  hour. 

•  Grading  Plow.    Fig.  42  shows  the 

•  form  usually  adopted  for  loosening 
I             earth.    This  plow  does  not  turn  the 

^ABB       soil,  but  cuts  a  furrow  about  10  inches 
^^^^H       wide  and  of  a  depth  adjustable  up  to 
^^^^^1      1 1  inches. 

^^^^^H  In  light  soil  the  plows  are  oper- 

i^^^^^H  ated  by  2  or  4  horses;  in  heavy  soil 
as  many  as  8  are  employed.  Grad- 
ing  plows  vary  in  weight  from  100 
to  325  pounds. 


Fig.  41.     Round  Pointed  and  Square 

Shovtls 

Courtesy  of  Acme  Road  Machinery 
Company,  Frankfort,  New  York 


FIK    41!       Tvpiml  Komi  Plow 
Courtesy  of  Western  Wlntlul  ,S'i/vi/j«r  ('tunjmnu,  Aunnn,  Ilium,* 

Ilardpan  Plow.    Fig.  43  illustrates  a  plow  specially  d 
for  tearing  up  macadam,  gravel,  or  similar  material.     The  point  is 
a  straight  bar  of  cast  steel  drawn  down  to  a  point,  and  can  be 
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Scrapers.    Scrapers  are  used  generally  to  move  the  material 
loosened  by  plowing;  they  are  made  of  either  iron  or  steel,  and  in  a 


Fig.  43.    Typical  Hardpan  or  Rooter  Plow 
Courtesy  Western  Wheeled  Scraper  Company,  Aurora,  lUhi 


variety  of  forms,  and  are  known  by  various  names,  as  "drag",  "buck", 
"pole",  and  "wheeled".  The  drag  scrapers  are  employed  usually 
on  short  hauls,  the  wheeled 
ones  on  long  hauls. 

Drag  Scrapers.  Drag 
scrapers,  Fig.  44,  are  made 
in'three  sizes.  The  smallest, 
for  one  horse,  has  a  capacity 
of  3  cubic  feet;  the  others, 
for  two  horses,  have  a 
capacity  of  5  to  7J  cubic 
feet.  The  smallest  weighs 
about  90  pounds,  and  the 


Fig    44.     Dr:ig  Scraper 

Courtesy  Western  Wheeled  Rnapcr  CW/ /><////;, 
Aui  oru,  Illinois 


larger  ones  from  9 1  to  102  pounds. 

Buck  Rcrupm.  Buck  scrapers, 
Fig.  4f),  are  made  in  two  si/es — 
two-horse,  earning  7J  cubic  feet; 
four-horse,  12  cubic*  feet. 

Pole  Scraprnt.  Pole  scrapers 
are  designed  for  use  in  making  and 
leveling  earth  roads  and  for  cutting 
and  cleaning  ditches;  they  are  well 
adapted  also  for  moving  earth  short 
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Wheeled  Scrapers.  Wheeled  scrapers,  Fig.  46,  consist  of  a  metal 
box,  usually  steel,  mounted  on  wheels,  and  furnished  with  levers  for 
raising,  lowering,  and  dumping.  They  are  operated  in  the  same 


Fig.  4C.     Typical  Wheeled  Scraper 
Courtesy  Western  Wheeled  Scraper  Company,  Aurora,  Illinois 

manner  as  drag  scrapers,  except  that  all  the  movements  are  made 
by  means  of  the  levers,  and  without  stopping  the  team.  By  their 
use  the  excessive  resistance  to  traction  of  the  drag  scraper  is  avoided. 


Kit?.  47       Conlmrlor's  H.unm   \\ilh  Prr-srd-Mi  .  I  Ti  n 
(  ourtcxy  of  Acme  h'oad  M<icfinnni  (  ,>mi»inij,  I''itin/,jinl,   \  ,  a    }  ,•//, 

Various  sizes  are  made,  ranging  iu  capacity  from  10  to  17  cubic  feet. 
In  weight  they  range  from  3.">()  to  7()0  pounds. 

Wheelbarrows.    Wheelbarrows  sometimes  are   constructed   of 
wood    pnrl    arp    pmnln\ '(*A    -n-i/^-f    ^,/4m»>i/».,l,r    f.  - 
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capacities  range  from  2  to  2\  cubic  feet.    Weight  is  about  50  pounds. 

The  barrow,  Fig.  47,  has  pressed-steel  tray,  oak  frame,  and 
steel  wheels,  and  will  be  found  more  durable  in  the  maintenance 
department  than  the  all-wood  barrow.  Capacity  is  from  3J  to  5 
cubic  feet,  dependent  on  size  of  tray. 

The  barrow,  Fig.  48,  is  constructed  with  tubular-iron  frames 
and  steel  tray,  and  is  adaptable  to  the  heaviest  work,  such  as  mov- 


Fig.  48.     All  Steel  and  Iron  Concrete  Burrow 
Courtesy  of  Acme  Road  Machinery  Company,  Frankfort,  New  York 

ing  heavy  broken  stone,  etc.,  or  it  may  be  employed  with  advantage 
in  the  cleaning  department.  Capacity  from  3  to  4  cubic  feet. 
Weight  from  70  to  82  pounds. 

The  maximum  distance  to  which  earth  can  be  moved  econom- 
ically in  barrows  is  about  200  feet.    The  wheeling  should  be  per- 


Ml      T\  pinil  Dump  Carls  lor  Hunting  Karth,  Kir 
/  of  Wititt-in  Wlntltd  »SVni/«r  Comiiuny,  Aurora,  Illi 


formed  upon  planks,  whose  steepest  inclination  should  not  exceed  1 
iu  12.  The  force  required  to  move  a,  barrow  on  a,  plank  is  about  ^B 
part  of  the  weight;  on  hard  dry  earth,  about  iV  part  of  the  weight. 
The  time  occupied  iu  loading  a  barrow  will  vary  with  the 
character  of  the  material  and  the  proportion  of  wheelers  to  shovel- 
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with  earth  as  a  wheeler  takes  to  wheel  a  full  barrow  a  distance  of 
about  100  or  120  feet  on  a  horizontal  plank  and  return  with  the 
empty  barrow. 


Fig.  50.     Hear  View  of  Typical  Dump  Wagon  Showing  Bottom  Open 
Courtesy  of  Western  Wheeled  Scraper  Company,  Aurora,  Jllinoitt 

Carts*  The  cart  usually  employed  for  hauling  earth,  etc.,  is 
shown  in  Pig.  49.  The  average  capacity  is  22  cubic  feet,  and  the 
average  weight  is  800  pounds.  These  carts  are  furnished  usually 


Fig.  51      Twunt\-\  .ml  Dump  C.ii 
of  \Vctttcrn  Wheeled  timiinr  Comjmni/,  .\nnnn,  llli 


with  broad  tires,  and  the  body  is  balanced  so  that  the  load  is  r\mly 
divided  about  the  axle. 

The  time  required  to  load  a  cart  varies  with   thr   material. 
One  shoveler  will  require  about  as  follows:    clay,  7  minutes  loam, 


canrl 
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Dump  Wagons.  The  use  of  dump  wagons,  Fig.  50,  for  moving 
excavated  earth,  etc.,  and  for  transporting  materials  such  as  sand, 
gravel,  etc.,  materially  shortens  the  time  required  for  unloading  the 
ordinary  form  of  contractor's  wagon;  having  no  reach  or  pole  con- 
necting the  rear  axle  with  the  center  bearing  of  the  front  axle,  they 
may  be  cramped  short  and  the  load  deposited  just  where  required. 
They  are  operated  by  the  driver,  and  the  capacity  ranges  from  35 
to  45  cubic  feet. 


l(1ig    5li      '1  vpicul  (Jruclci 
Courtesy  of  Acme  Road  Machinery  Company,  Frankfort,  New  York 

Dump  Cars.  Dump  cars,  Fig.  51,  are  made  to  clump  in  several 
different  ways,  vix,  single  or  double  side,  single  or  double  end,  and 
rotary  or  universal  dumpers. 

Dump  cars  may  be  operated  singly  or  in  trains,  as  the  magni- 
tude of  the  work  may  demand.  They  may  be  moved  by  horses 
or  small  locomotives.  They  are  made  in  various  sixes,  depending 
upon  the  gage  of  the  track  on  which  they  are  run.  A  common 
gage  is  20  inches,  but  it  varies  from  that  up  to  the  standard  railroad 
gage  of  50,2-  inches. 

Mechanical  Graders.  Mechanical  graders  are  used  extensively 
in  the  making  and  maintaining  of  earth  roads.  They  excavate 
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done  by  hand;  they  are  called  by  various  names,  such  as  "road 
machines",  "graders",  "road  hones",  etc. 

Simple  Graders.  Briefly  described,  graders  consist  of  a  large 
blade,  Fig.  52,  made  entirely  of  steel,  iron,  or  wood  shod  with  steel, 
which  is  so  arranged  by  a  mechanism  attached  to  the  frame  from 
which  it  is  suspended  that  it  can  be  adjusted  and  fixed  in  any 
direction  by  the  operator.  In  their  action  they  combine  the  work 
of  excavating  and  transporting  the  earth.  They  have  been 
employed  chiefly  in  the  forming  and  maintenance  of  earth  roads, 
but  also  may  be  used  advantageously  in  preparing  the  subgrade 
surface  of  roads  for  the  reception  of  broken  stone  or  other 
improved  covering. 

Elevating  Graders.  Some  graders  combine  the  function  of 
elevating  the  material,  of  excavating  it  from  side  ditches,  and 
of  loading  it  automatically  into  carts  or  wagons.  Briefly  described, 
the  machine,  Fig.  53,  consists  oT  a  plow  which  loosens  and  raises 
the  earth,  depositing  it  upon  a  transverse  carrying  belt,  which  con- 
veys it  from  excavation  to  embankment.  Carrier  frames  of  two 
or  three  different  lengths  are  provided  with  the  machine,  the  distance 
of  the  end  of  the  elevator  from  the  plow  varying  from  15  to  30  feet. 
The  carrier  belt  is  of  heavy  3-ply  rubber  3  feet  wide. 

The  plow  and  carrier  are  supported  by  a  strong  trussed  frame- 
work resting  on  heavy  steel  axles  and  broad  wheels.  The  large 
rear  wheels  arc  ratcheted  upon  the  axle,  and  connected  with  strong 
gearing  which  propels  the  carrying  belt  at  right  angles  to  the  direc- 
tion in  which  the  machine  is  moving. 

The  wheels  and  trusses  are  low  and  broad,  occupying  a  space 
(S  feet  wide  and  14  feet  long,  exclusive  of  the  side  carrier.  This 
enables  it  to  work  on  hillsides  where  any  wheeled  implements  can 
he  used.  Notwithstanding  its  large  s'r/e  it  is  so  flexible  that  it  may 
be  turned  around  on  a,  Ki-foot  embankment.  Pilot  wheels  and 
levers  enable  the  operator  to  raise  or  lower  the  plow  or  carrier  at 
pleasure. 

For  motive  power,  12  horses  X  driven  in  front,  4  abreast,  and 
4  in  the  rear  on  a  push  cart-  are  usually  employed. 

When  the  teams  are  started,  the  operator  lowers  the  plow  and 
throws  the  belting  into  gear,  and  as  the  plow  raises  and  turns  the 
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which  the  carrier  is  adjusted,  forming  either  excavation  or  embank- 
ment, as  the  case  may  be. 

When  it  becomes  necessary  to  deliver  the  excavated  earth 
beyond  the  capacity  of  the  machine,  the  earth  is  loaded  upon  wagons, 


Fig    51      Two  Viuws  of  KlevulniK  (it  IK  Iris  Kind  inn  L.uih  in  ID  I  hinip  \\  .I^DM-. 
CourtcHU  of  Western  Whwlnl  .SV/f/ywr  dun pnm/,  Aur»,,i,  lH«n>^ 

then  conveyed  to  any  distance.  By  adjusting  the  height  of  the 
carrier,  the  wagons  are  driven  under  it,  Fig.  54,  and  loaded  with 
1 1  to  1£  yards  of  earth  in  from  20  to  30  seconds.  When  one  wagon 
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machine  thus  loads  600  to  800  wagons  per  day.  It  is  claimed  that 
wi(h*-$i!x  ieams  and  three  men4t  is  capable  of  excavating  and  placing 
in  einbanjanent  from  1,000  to  1,500  cubic  yards  of  earth  in  10  hours, 
or-of  loading  from,  600  to  800  wagons  in  the  same  time,  and  that  the 
cost  of  this  handling  is  from  1^  to  2|  cents  per  cubic  yard. 

Points  to  be  Considered  in  Selecting  a  Road  Machine.  In  the 
selection  of  a  road  machine  the  following  points  should  be  carefully 
considered:  thoroughness  and  simplicity  of  its  mechanical  construc- 
tion; material  and  workmanship  used  in  its  construction;  safety 
to  the  operator;  ease  of  operation;  lightness  of  draft;  and  adapta- 
bility to  general  road  Tvork,  ditching,  etc. 

Care  of  Road  Machines.  The  road  machine  when  not  in  use 
should  be  stored  in  a  dry  house  and  thoroughly  cleaned,  its  blade 
brushed  clean  from  all  accumulations  of  mud,  wiped  thoroughly 
dry,  and  well  covered  with  grease  or  crude  oil.  The  axles,  journals, 
and  wearing  parts  should  be  kept  well  oiled  when  in  use,  and  an 
extra  blade  should  be  kept  on  hand  to  avoid  stopping  the  machine 
while  the  dulled  one  is  being  sharpened. 

Surface  Graders.  The  surface  grader  is  used  for  removing 
earth  previously  loosened  by  a  plow.  It  is  operated  by  one  horse. 


The  load  may  be  retained  and  carried  a  considerable'  distance,  or 
it  may  be  spread  gradually  as  the  operator  desires.  It  is  also 
employed  to  le\el  oil'  and  trim  the  surface  following  the  scrapers. 

The  blade  is  of  steel,  1  inch  thick,  15  inches  wide,  and  MO  inches 
long.  The;  beam  and  other  parts  are  of  oak  and  iron.  Weight 
about  00  pounds. 

Road  Lcirlcr.  The  road  leveler,  Fig.  55,  is  used  for  trimming 
and  smoothing  the  surface  of  earth  roads.  It  is  largely  employed  in 
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The  blade  is  of  steel,  |-inch  thick  by  4  inches  by  72  inches,  and 
is  provided  with  a  seat  for  the  driver.  It  is  operated  by  a  team  of 
horses.  Weight  about  150  pounds. 

Ditching  Tools.  The  tools  employed  for  digging  the  ditches 
and  shaping  the  bottom  to  fit  the  drain  tiles  are  shown  in  Fig.  56. 
They  are  convenient  to  use,  and  expedite  the  work  by  avoiding 
unnecessary  excavation. 

The  tools  are  used  as  follows:  Nos.  3,  4,  and  5  are  used  for 
digging  the  ditches;  Nos.  6  and  7  for  cleaning  and  rounding  the 


I''iB  -r><i      T\pical  Tools  I 


bottom  of  the  ditch  for  round  tile;  No.  2  is  n.sed  for  shoveling  out 
loose  earth  and  leveling  the  bottom  of  the  ditch;  No.  I  is  used  for 
the  same  purpose  when  the  ditch  is  intended  for  ".sole"  tile. 

Sprinkling  Wagons.  A  convenient  form  of  sprinkling  \\agon 
for  suburban  streets  and  country  roads  is  S!IO\MI  in  Fig.  f>7.  The 
tank  is  of  12  gage  steel  and  its  capacity  is  3SO  to  600  gallons. 
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Road  Rollers.     Horse-Drawn  Rollers.    There  are  a  number  of 
types  of  horse-drawn  rollers  on  the  market,  consisting  essentially 


*'ig.  57.    Steel  lank  Sprinkling  Wagou 
Courtesy  oj  Acme  Road  Machinery  Company,  Frankfort,  New  York 

of  a  hollow  cast-iron  cylinder  4  to  5  feet  long,  5  to  6  feet  in 
diameter,    and   weighing   from   3   to   6   tons.    Some   forms    are 


Fig  58.     Ten-Ton  Steam-Driven  Road  Roller 
Courtesy  of  Charles  Longenecker  &  Company,  New  York  Cttij 


provided  with  boxes  in  which  stone  or  iron   may   be  placed  to 
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with  water  or  sand.  The  use  today  of  small  gasoline  road  rollers 
makes  this  type  less  prevalent  than  formerly. 

Power-Propelled  Rollers.  The  rollers  employed  for  compacting 
the  natural  soil  and  all  forms  of  broken-stone  pavements  usually 
are  of  the  three-wheel  type,  operated  by  steam  or  gasoline,  Fig.  58. 
They  generally  are  arranged  to  move  at  two  speeds,  low  and  high; 
the  low.  speed  is  from  2  to  3  miles  per  hour  and  the  high  speed  from 
4  to  5  miles.  The  low  speed  is  employed  for  compacting  the  natural 
soil  and  the  foundation;  the  high  speed  is  employed  for  finishing 
the  surface.  The  driving  wheels  are  furnished  with  lock  pins  or 
differential  gears  to  permit  them  to  accommodate  themselves  auto- 
matically to  the  difference  in  speeds  when  operating  on  sharp  curves. 
They  vary  in  weight  from  10  to  20  tons. 

Scarifiers.  The  implement  used  for  breaking  up  a  broken- 
stone  road  preparatory  to  applying  a  new  surface  is  called  a  "scnri- 


Fig  59.     Sounder,  for  Quick  HM<!  r.r 
Courtesy  of  Charlm  Lun{/>  mi  lt« 


.  MM-  il  ]{i|i;urii!  Miunlini  I 
(  Hinimtii/,   \'<>    }   »t   (  ,/  / 


fier",  Fig.  59.  It  usually  consists  of  a  cast-iron  block,  Neighing 
about  3  tons,  mounted  on  "2  or  I  \\heels  the  block  is  fitted  \\itli  a 
series  of  spikes  or  picks,  arranged  cither  in  one  line,  or  in  t\\<>  linc^ 
forming  a  V;  means  are  pro\ided  for  adju^tm^  tlie  depth  to  \\hieh 
the  picks  penetrate,  the  maximum  depth  hein^  about  ii  im  he- 
The  scarifier  is  operated  by  bein^  attached  to  the  rear  of  a  Meani 
roller  or  traction  engine  \\liieli  hauls  it  oxer  the  road. 

NATURAL-SOIL  ROADS 

Earth   Roads.     The   term    ''earth    road"    is   applied    to    roads 
where  the  surface  consists  of  the  native  soil;  this  class  of  road  K  the 
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most  common  and  cheapest  in  first  cost.  At  certain  seasons  of  the 
year  earth  roads,  when  properly  cared  for,  are  second  to  none,  but 
during  the  spring  and  wet  seasons  they  are  very  deficient  in  the 
important  requisite  of  hardness,  and  are  almost  impassable. 

For  the  construction  of  new  earth  roads,  all  the  principles  pre- 
viously discussed  relating  to  alignment,  grades,  drainage,  width,  etc., 
should  be  followed  carefully.  The  crown  or  transverse  contour 
should  be  greater  than  in  stone  roads;  12  inches  at  the  center  in  25 
feet  will  be  sufficient. 

Drainage  is  especially  important,  because  the  material  of  the 
road  is  more  susceptible  to  the  action  of  water,  and  more  easily 
destroyed  by  it  than  are  the  materials  used  in  the  construction  of  the 
better  class  of  roads.  When  water  is  allowed  to  stand  upon  the 
road,  the  earth  is  softened,  the  wagon  wheels  penetrate  it,  and  the 
horses'  feet  mix  and  knead  it  until  it  becomes  impassable  mud.  The 
action  of  frost  is  also  apt  to  be  disastrous  upon  the  more  permeable 
surface  of  the  earth  road,  having  the  effect  of  swelling  and  heaving 
the  roadway  and  throwing  its  surface  out  of  shape.  It  may  in  fact 
be  said  that  the  whole  problem  of  the  improvement  and  mainte- 
nance of  ordinary  country  roads  is  one  of  drainage. 

In  the  preparation  of  the  wheelway  all  stumps,  brush,  vegetable 
matter,  rocks,  and  boulders  should  be  removed  from  the  surface  and 
the  resulting  holes  filled  in  with  clean  earth.  The  roadbed,  having 
been  brought  to  the  required  grade  and  crown,  should  be  thoroughly 
rolled;  all  inequalities  appearing  during  the  rolling  should  be  filled 
up  and  re-rolled. 

Cnre  of  Earth  Roads.  If  the  surface  of  the  roadway  is  prop- 
erly formed  and  kept  smooth,  the  water  will  be  shed  into  the  side 
ditehes  and  do  comparatively  little  harm;  but  if  it  remains  upon  the 
surface,  it  will  be  absorbed  and  convert  the  road  into  mud.  All 
ruts  and  depressions  should  be  filled  up  as  soon  as  they  appear. 
Repairs  should  be  attended  to  particularly  in  the  spring.  At  that 
season  the  judicious  use  of  a  road  machine  and  rollers  \\ill  make  a 
smooth  road.  In  summer  when  the  surface  gets  rough  it  can  be 
improxed  by  running  a  harrow  o\cr  it;  if  the  surface  is  a  little  muddy 
this  treatment  will  hasten  the  drying. 

During  the  fall  the  surface  should  be  repaired,  with  special 
reference  to  nnttintr  it  in  shaue  to  withstand  the  ravages  of  winter. 
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Saucer-like  depressions  a^d  nits  should  be  filled  up  with  clean  earth 
similar  to  that-  of  the  roadbed  and  tamped  into  place. 

The  side  ditches  should  be  examined  in  the  fall  to  see  that  they 
are  free  from  dead  weeds  and  grass,  and  late  in  winter  they  should 
be  examined  again  to  see  that  they  are  not  clogged.  The  mouths 
of  culverts  should  be  cleaned  of  rubbish  and  the  outlet  of  tile  drains 
opened.  Attention  to  the  side  ditches  will  prevent  overflow  and 
washing  of  the  roadway,  and  also  will  prevent  the  formation  of 
ponds  at  the  roadside  and  the  consequent  saturation  of  the  roadbed. 

Holes  and  ruts  should  not  be  filled  with  stone,  bricks,  gravel, 
or  other  material  harder,  than  the  earth  of  the  roadway  as  the  hard 
material  will  not  wear  uniformly  with  the  rest  of  the  road,  but 
produce  bumps  and  ridges,  and  usually  result  in  making  two  holes, 
each  larger  than  the  original  one.  It  is  bad  practice  to  cut  a  gutter 


Fin    <><»       Ni'«'i  ({nail  l)r;itf 
Courtcny  of  \\'tt>tcrn  \\  In'dnl  ^nijnr  Cuniininj/,    \uiant,  Illnnni 

from  a  hole  to  drain  it  to  the  side  of  the  road.  Filling  is  the  proper 
course,  whether  the  hole  is  dry  or  contains  mud. 

The  maintaining  of  smooth  surfaces  on  all  classes  of  earth  roads 
will  be  assisted  and  cheapened  great 1\  by  the  frequent  IM-  of  a 
roller  (either  steam  or  horse)  and  any  one  of  the  \arious  t'orni^  of 
road  grading  and  scraping  machines.  In  repairing  an  earth  road 
the  plow  should  not  be  used.  It  breaks  up  the  .surface  \\liirh  has 
been  compacted  by  time  and  tra\el. 

In  the  maintenance  of  earth  roads  the  road  drag,  Fig.  00,  or 
some  similar  device,  is  indispensable.  The  drag  should  be  light 
and  should  be  hauled  along  the  road  at  an  angle  of  about  -IT)  degrees, 
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road.  The  driver  should  ride  on  the  drag  and  not  drive  faster 
than  a  walk.  Dragging  should  begin  on  the  side  of  the  road,  or 
wheel  track,  and  return  on  the  opposite  side.  Unless  the  road  is 
in  good  condition,  it  should  be  dragged  after  every  heavy  rain. 

In  the  maintenance  of  clay  roads  neither  sods  nor  turf  should 
be  used  to  fill  holes  or  ruts;  for,  though  at  first  deceptively  tough, 
they  soon  decay  and  form  the  softest  mud.  Neither  should  the  ruts 
be  filled  with  field  stones;  they  will  not  wear  uniformly  with  the 
rest  of  the  road,  but  will  produce  hard  ridges. 

Trees  and  close  hedges  should  not  be  allowed  within  200  feet 
of  a  clay  road.  It  requires  all  the  sun  and  wind  possible  to  keep  its 
surface  in  a  dry  and  hard  condition. 

Sand  Roads.  The  aim  in  the  improvement  of  sand  roads  is  to 
have  the  wheelway  as  narrow  and  well  defined  as  possible,  so  as  to 
have  all  vehicles  run  in  the  same  track.  An  abundant  growth 
of  vegetation  should  be  encouraged  on  each  side  of  the  wheelway, 
for  by  this  means  the  shearing  of  the  sand  is,  in  a  great  measure, 
avoided.  Ditching  beyond  a  slight  depth  to  carry  away  the  rain 
water  is  not  desirable,  for  it  tends  to  hasten  the  drying  of  the  sands, 
which  is  to  be  avoided.  Where  possible  the  roads  should  be  over- 
hung with  trees,  the  leaves  and  twigs  of  which,  catching  on  the 
wheelway,  will  serve  still  further  to  diminish  the  effect  of  the  wheels 
in  moving  the  sands  about.  If  clay  can  be  obtained,  a  coating  G 
inches  thick  will  be  found  a  most  efficient  and  economical  improve- 
ment. A  coating  of  4  inches  of  loose  straw  will,  after  a  few  days' 
travel,  grind  into  the  sand  and  become  as  hard  and  firm  as  a  dry 
clay  road. 

Sand=CIay  Roads.  A  sand-clay  road  is  formed  by  mixing 
clay  and  sand  in  such  proportions  that  the  clay  will  just  fill  the 
voids  in  the  sand,  and  produce  a  mixture  that  is  neither  sticky  nor 
friable,  but  coheres  in  a  comparatively  dry  plastic  mass  \\hen  com- 
pacted \vith  pressure.  If  an.  insufficient  amount  of  clay  is  used, 
the  mixture  will  nut  bind;  if  an  exeess  of  clay  is  used,  the  road  will 
be  sticky  and  muddy  after  a  fall  of  rain. 

The  grains  of  sand  furnish  the  hard  material  to  resist  the 
abrasion  of  the  traffic;  the  clay  provides  the  cementing  or  binding 
medium  to  hold  the  sand  together.  All  clays  are  not  equally  satis- 
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test  for  clay  suitable  for  road  purposes  is  to  apply  a  wet  finger 
to  a  piece  of  clay;  if  the  clay  adheres  to  the  finger,  it  may  be  assumed 
reasonably  that  it  will  adhere  to  the  sand. 

The  natural  sand  soils  and  the  naturel  clay  soils  are  improved 
by  the  application  of  the  sand-clay  mixture,  the  method  of  applying 
it  being  varied  according  to  which  kind  of  soil  is  to  be  treated. 

Applying  Sand-Clay  Mixture  to  Clay  Soil  In  the  treatment 
of  a  clay  soil,  the  soil  is  plowed  to  a  depth  of  6  to  8  inches;  then 
pulverized  by  harrowing,  and,  if  necessary,  by  rolling  with  a  light 
roller  and  again  harrowing.  After  the  clay  is  thoroughly  pulverized, 
the  sand  is  spread  over  the  surface  in  a  layer  from  6  to  8  inches 
thick,  and  the  sand  and  clay  are  thoroughly  mixed  by  continued 
harrowing.  After  the  dry  mixing  has  been  accomplished  satis- 
factorily, the  surface  is  moistened  slightly  by  sprinkling  with  water, 
then  compacted  by  rolling,  after  which  a  road  machine  or  grader 
is  mpd  to  give  the  required  crown;  and  then  the  roller  is  again  applied 
the  surface  becomes  smooth  and-hard. 

Applying  Sand-Clay  Mixture  to  Sand  Soil.  In  the  treatment 
of  a  sand  soil,  the  clay  is  spread  over  the  surface  in  a  layer,  ranging 
from  4  to  8  inches  thick;  then  mixed  with  the  sand  by  harrowing. 
After  that  it  is  sprinkled  heavily  with  water  and  again  worked 
with  the  harrow;  then  it  is  shaped  and  rolled  in  the  same  manner 
as  stated  above  for  a  clay  soil. 

The  sand-clay  roads  require  eoiMdcrable  attention,  after 
completion,  to  eliminate  weak  or  <lefeeti\e  ^pots  h\  applxinu  sand 
or  clay,  as  may  be  required. 

Application  of  Oil  to  Sand  and  Gravel  Soils.  Sand  and  ^ rax  el 
soils  are  improved  by  the  application  of  crude  petroleum  or  asplml- 
tic  oils.  The  oil  abates  dust;  forms  a  non-absorbent  .surface  \\hirh 
turns  off  rain  water  and  decreases  the  amount  of  mud;  and  furnishes 
a  dark-colored  road  surface  \\hich  is  more  pleading  to  the  e\e  than 
the  ordinary  light  color. 

The  roadbed  is  prepared  to  receive  the  oil  by  grading,  shaping, 
and  rolling.  The  oil  is  applied  to  the  prepared  surface  by  sprinkling 
from  tank  wagons;  the  oil  coat  is  co\ered  \\ith  a  thin  la\er  of  .sand, 
after  which  the  roller  is  applied  again.  If  during  the  rolling  the 
surface  becomes  sticky,  or  dry  and  du&ty,  dry  wind  or  more  oil  is 
added  as  required. 
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ROADS  WITH  SPECIAL  COVERINGS 

Elements  of  a  Road  Covering.  The  wheelways  of  roads  and 
streets  are  prepared  for  traffic  by  placing  upon  the  natural  soil  a 
covering  of  some  suitable  material  which  will  furnish  a  comparatively 
smooth  surface  on  which  the  resistance  to  traction  will  be  reduced 
to  the  least  possible  amount,  and  over  which  all  classes  of  vehicles 
may  pass  with  safety  and  expedition  at  all  seasons  of  the  year. 
The  covering  usually  consists  of  two  parts:  a  foundation,  and  a 
wearing  surface. 

The  functions  of  the  foundation  are  as  follows:  (1)  to  protect 
the  soil  from  disturbance  and  the  injurious  effects  of  surface  water; 

(2)  to  transmit  to  and  distribute  over  a  sufficiently  large  area  of 
the  soil  the  weight  of  the  loads  imposed  upon  the  wearing  coat; 

(3)  to  support  unyieldingly  the  wearing  surface  and  the  loads  coming 
upon  it. 

The  efficiency  of  the  wearing  surface  depends  entirely  upon 
the  quality  of  the  foundation.  If  the  foundation  be  weak,  the 
wearing  surface  will  be  disrupted  speedily,  no  matter  how  well 
constructed. 

FOUNDATIONS 

Materials.  The  foundation,  when  once  constructed,  should 
not  require  to  be  disturbed  nor  reconstructed.  The  materials 
employed  in  its  construction  may  be  the  cheapest  available,  such 
as  local  rock,  gravel,  sand,  furnace  slag,  etc.,  the  important  point 
in  the  design  being  to  provide  sufficient  thickness,  so  that  when 
consolidated  it  will  maintain  its  form  under  the  heaviest  traffic- 
liable  to  come  upon  it.  If  the  foundation  and  the  oo\ering  yield 
under  the  load,  an  upheaval  is  caused  that  disrupts  the  bond  and 
hastens  the  destruction  of  the  road. 

Thickness.  The  thickness  of  the  foundation  depends  upon 
the  supporting  power  of  the  natural  soil  and  the  weight  of  the  loads 
coming  upon  the  \\earing  surface.  The  supporting  or  bearing 
power  of  the  soil  can  be  ascertained  by  direct  test,  and  the  \\eight 
of  the  loads  by  a  survey  of  the  traffic  plus  a  provision  for  future 
increase. 

Recent  tests   indicate  that   non-porous  soils  from  uhich   the 
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condition  a  load  of  about  4  pounds  per  square  inch;  and  that  if 
the  thickness  of  the  foundation  be  adjusted  to  the  traffic  on  this 
basis  it  will  be  safe  at  all  seasons  of  the  year. 

Methods  of  Calculating  Thickness  of  Covering.  There  are  two 
theories  as  to  the  manner  in  which  pressure  of  a  loaded  wheel  is 
transmitted  from  the  surface  of  the  covering  to  the  natural  soil: 
(1)  that  the  pressure  on  the  soil  varies  inversely  as  the  cube  of  the 
thickness  of  the  foundation  and  the  wearing  surface;  (2)  that  the 
pressure  is  transmitted  downwards  in  the  form  of  a  truncated  cone, 
,  the  lines  of  which  diverge  at  an  angle  varying  from  30  to  50  degrees 
from  the  vertical,  according  to  the  solidity  of  the  covering.  If 
the  surface  of  the  road  is  uneven  or  obstructed  by  loose  stones, 

ll^r  •  the  lines  of  pressure  are  more  concentrated  when  the  wheels  pass 

I"  over  such  obstacles. 

The  latter  theory  is  the  one  most  frequently  applied.  The 
calculation  is  performed  as  follows:  Let  P  be  distributed  pressure 
on  the  soil,  per  square  inch;  A,  length  of  arc  of  wheel  tire  in  contact 
with  surface  in  square  inches;  W,  width  of  tire  in  inches;  L,  load 
carried  by  wheel  in  pounds;  F,  depth  of  wearing  surface  and  foun- 
dation in  inches;  C,  area  of  contact  equal  to  JxM";  and  B,  area 
of  base  at  surface  of  natural  soil.  The  area  of  the  base  i.s 


wr  ,: 
f'V 


The    distributed    pressure    is 

/>-  ''  Jl 

W+A)  W+ll')     It 

Assuming  that  the  load  is  1,000  pounds  per  inch  of  tire  \\iillh;  the 
tire,  3  inches;  length  of  contact  3  inches;  total  thickness  of  the 
wearing  coat  and  the  foundation  12  inches;  the  pressure  on  the 
soil  is 

:!()()() 


According  to  this  theory  the  thickness  of  the  co\ering  \arics 
from  4  to  10  inches,  the  smallest  thickness  bring  plaeed  upon  gravel 
or  sand  and  the  greatest  upon  clay. 

Preparation  of  Foundation.  The  preparation  of  the  foundation 
involves  two  distinct  operations:  (1)  preparation  of  the  natural 
soil;  and  (2)  placing  an  artificial  foundation  upon  the  Drepared 

<<ml 


HIGHWAY  CONSTRUCTION  81 

The  essentials  necessary  to  the  preparation  of  the  natural 
soil  are:  (1)  the  entire  removal  of  perishable  vegetable  and  yielding 
matter;  (2)  the  drainage  of  the  soil  where  necessary;  (3)  the  improv- 
ing of  the  bearing  power  of  the  soil  where  required;  and  (4)  compact- 
ing the  soil: 

All  soils  are  improved  by  rolling,  and  weak  spots,  which  other- 
wise would  pass  unnoticed,  are  discovered.  However,  care  must 
be  taken  that  the  weight  of  the  roller  employed  is  not  too  great  for 
the  bearing  power  of  the  soil;  if  it  exceed  this  the  surface  of  the  soil 
will  be  formed  into  a  series  of  undulations  that  will  cause  the  wear- 
ing coat  to  fail;  the  same  condition  may  be  produced  by  excessive 
rolling  with  a  comparatively  light  roller.  Each  soil  requires  different 
treatment. 

Soils  of  a  siliceous  and  calcareous  nature  may  be  improved  by 
drainage  and  the  addition  of  a  layer  of  clay  2  to  6  inches  thick, 
mixed  with  the  soil  and  compacted  by  rolling.  The  argillaceous 
and  allied  soils,  owing  to  their  retentive  nature,  are  very  unstable 
under  the  action  of  water  and  frost,  and  in  their  natural  condition 
afford  a  defective  foundation.  They  are  improved  by  thorough 
drainage  and  the  admixture  of  sand  well  rolled,  together  with  the 
placing  upon  the  surface  of  the  compacted  soil  a  layer  2  to  6  inches 
thick  of  sand,  slag,  cinders,  or  other  material  of  a  similar  nature, 
and  then  compacting  it  by  sprinkling  with  water  and  rolling. 

Types  of  Foundation  to  Be  Used.  The  essential  requisite  in  the 
construction  of  the  artificial  foundation  is  that  it  be  a  dense  mass, 
and  the  type  of  foundation  to  be  employed  varies  with  the  char- 
acter of  the  wearing  surface.  For  the  various  types  of  broken- 
stone  surfaces,  the  foundation  may  be  composed  of  blocks  of  stone 
(ledge  rock  or  fieldstones) ,  roughly  shaped  to  a  rectangular  form, 
ranging  in  width  and  depth  from  0  to  8  inches  and  in  length  from 
(>  to  1  (')  inches.  They  are  set  by  hand  on  the  soil  bed  with  the  length 
at  right  angles  to  the  axis  of  the  roadway,  so  arranged  that  they 
break  joints.  The  edges  that  project  above  the  subgrade  level  are 
broken  off  with  hand  hummers,  and  the  spaces  between  them  are 
filled  \vith  chips  of  stone  well  packed  and  wedged  in.  The  blocks 
are  brought  then  to  a  firm  bearing  by  rolling  with  a  steam  roller, 
after  which  the  wearing  surface  is  laid.  The  foundation  also  may 
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the  voids  will  be  reduced  to  the  smallest  possible  amount.  The 
voids  may  be  filled  with  stone  dust;  a  mixture  of  sand  and  clay;  a 
mortar  and  grout  composed  of  hydraulic  cement  and  sand;  bitu- 
minous  cement;  or  hydraulic-cement  concrete,  mixed  and  placed 
upon  the  soil  bed. 

WEARING  SURFACES 

Functions  of  Wearing  Surface.  The  office  of  the  wearing  sur- 
face  is  to  protect  the  foundation  from  the  wear  of  the  traffic  and  the 
effects  of  surf  ace"  water,  and  to  support  the  weight  of  the  traffic  and 
transmit  it  to  the  foundation.  To  render  efficient  service  to  the 
.traffic,  it  must  furnish  a  comparatively  smooth  unyielding  surface 
that  affords  good  foothold  for  draft  animals  and  good  adhesion  for 
motor  vehicles,  and  on  which  the  resistance  to  traction  will  be  a 
minimum.  To  fill  its  office  satisfactorily  the  material  of  which  it  is 
composed  must  possess  strength  to  resist  crushing  and  abrasion, 
and  its  fabric  must  be  practically  impervious.  To  render  economical 
service,  it  must  possess  the  power  of  resisting  the  action  of  the 
destroying  agencies  for  a  reasonable  length  of  time  before  it  becomes 
unfit  for  use.  For  this  purpose  it  must  possess  the  resisting  quali- 
ties  previously  stated,  and  it  must  also  possess  a  certain  thickness ; 
this  thickness  will  depend  upon  the  character  of  the  material 
employed  and  its  rate  of  wear  under  the  gi\  en  traffic  and  at  mospheric 
conditions.  Economy  is  not  promoted  by  using  a  thick  \\caring 
surface,  as  under  heavy  traffic  it  will  be  so  worn  in  a  few  years  as  to 
be  unserviceable,  and  under  light  traffic  it  will  be  decomposed  he  fore 
it  is  worn  out.  In  either  case  it  must  be  removed  and  the  portion 
so  removed  is  waste;  therefore,  only  .such  thickness  as  \\ill  ^i\e 
efficient  service  during  a  few  years  should  be  adopted. 

Thickness.  The  measure  for  the  economical  thickness  of  an\ 
type  of  wearing  surface  is  that  the  annual  interest  diar-re  on  the 
first  cost  plus  the  annual  depreciation  shall  he  a  minimum.  To 
apply  this  measure  it  is  necessan  to  kno\\  the  amount  of  trallic  and 
the  loss  of  thickness  due  to  wear. 

Classification  of  Wearing  Surfaces.  The  \\ earing  surfaces 
most  commonly  employed  for  roads  and  streets  are  composed  of: 
(1)  gravel,  broken  stone,  furnace  slag,  and  similar  granular  materials 
bound  with  colloidal  cement  formed  1>\  the  action  of  \\ater  on  the 
plastic  elements  of  rock  and  clay;  (2)  broken  stone,  gra\el,  and  sand 
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bound  with:  (a)  bituminous  cement;  (b)  hydraulic  cement;  (3)  stone 
blocks;  (4)  brick;  (5)  wood  blocks. 

In  type  (1),  a  certain  amount  of  moisture  is  essential  to  success- 
ful binding.  When  this  is  lacking,  as  in  the  summer  season,  the 
binding  material  becomes  dry  and  brittle,  and  the  fragments  at  the 
surface  are  displaced  by  the  action  of  the  traffic;  an  excess  of  mois- 
ture destroys  the  binding  power;  and  the  surface  is  quickly  broken 
up  by  the  traffic. 

Wearing  surfaces  of  type  (2a)  are  usually  limited  in  life  not 
merely  by  the  wear  of  traffic,  but  by  the  fact  that  all  bitumens  slowly 
alter  in  chemical  composition  when  exposed  to  atmospheric  action, 
and  in  time  become  brittle.  Type  (2b)  is  subject  to  cracking  under 
expansion  and  contracting,  due  to  changes  of  temperature,  and  is 
liable  to  wear  unevenly  owing  to  irregularity  in  mixing  and  the  segre- 
gation of  the  ingredients  while  the  concrete  is  being  put  in  place. 
When  a  defective  spot  begins  to  wear,  it  extends  very  rapidly  under 
the  abrasive  action  of  the  traffic. 

The  materials  of  types  (3)  and  (4)  seldom  rot  or  disintegrate 
and,  when  the  pavement  is  well  constructed,  are  eminently  enduring 
and  generally  render  satisfactory  service.  Since  the  use  of  creosote 
and  other  preservatives  has  increased  the  service  life  of  wood  blocks, 
type  (5),  by  lessening  their  tendency  to  decay,  they  have  come  into 
extensive  use  for  street  paving. 

Gravel  Roads 

Gravel.  Gravel  consists  of  smooth  and  somewhat  rounded 
stones,  varying  in  size  from  small  grains  to  pebbles  4  or  more  inches 
in  diameter.  It  is  found  mixed  with  sand,  on  the  banks  and  in  the 
beds  of  rivers;  and  in  deposits  on  the  land,  mixed  with  clay  and  other 
miiuTal  substances,  such  as  limestone  and  oxide  of  iron,  from  which 
it  derives  a  distinctive  name.  Gravel  of  the  latter  class  is  called 
cementations  and  when  suitably  prepared  cements  together,  forming 
a  very  satisfactory  roadway  for  light  traffic,  producing  but  little 
dust  in  dry  weather  and  costing  little  to  maintain. 

Preparation  of  Gravel.  Gravel  is  best  prepared  for  use  by 
screening  into  three  grades:  grade  (1),  containing  the  stones  retained 
by  a  1J— inch  mesh  screen  and  passing  a  2|-inch  mesh;  grade  (2), 
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the  voids  will  be  reduced  to  the  smallest  possible  amount.  The 
voids  may  be  filled  with  stone  dust;  a  mixture  of  sand  and  clay;  a 
mortar  and  grout  composed  of  hydraulic  cement  and  sand;  bitu- 
minous cement;  or  hydraulic-cement  concrete,  mixed  and  placed 
upon  the  soil  bed. 

WEARING  SURFACES 

Functions  of  Wearing  Surface.  The  office  of  the  wearing  sur- 
face is  to  protect  the  foundation  from  the  wear  of  the  traffic  and  the 
effects  of  surface  water,  and  to  support  the  weight  of  the  traffic  and 
transmit  it  to  the  foundation.  To  render  efficient  service  to  the 
traffic,  it  must  furnish  a  comparatively  smooth  unyielding  surface 
that  affords  good  foothold  for  draft  animals  and  good  adhesion  for 
motor  vehicles,  and  on  which  the  resistance  to  traction  will  be  a 
minimum.  To  fill  its  office  satisfactorily  the  material  of  which  it  is 
composed  must  possess  strength  to  resist  crushing  and  abrasion, 
and  its  fabric  must  be  practically  impervious.  To  render  economical 
service,  it  must  possess  the  power  of  resisting  the  action  of  the 
destroying  agencies  for  a  reasonable  length  of  time  before  it  becomes 
unfit  for  use.  For  this  purpose  it  must  possess  the  resisting  quali- 
ties previously  stated,  and  it  must  also  possess  a  certain  thickness; 
this  thickness  will  depend  upon  the  character  of  the  material 
employed  and  its  rate  of  wear  under  the  gi\  en  traffic  and  at  mospheric 
conditions.  Economy  is  not  promoted  by  using  a  thick  \\ caring 
surface,  as  under  heavy  traffic  it  \\ill  be  so  \\orn  in  a  feu  \cars  as  to 
be  unserviceable,  and  under  light  traffic  it  \\ill  be  decomposed  hcfore 
it  is  worn  out.  In  either  case  it  must  be  rcinmcd  and  the  portion 
so  removed  is  waste;  therefore,  only  such  thickness  ns  \\ill  ^i\e 
efficient  service  during  a  few  years  should  he  adopted. 

Thickness.  The  measure  for  the  economical  thickness  of  an\ 
type  of  wearing  surface  is  that  the  annual  interest  charge  on  the 
first  cost  plus  the  annual  depreciation  shall  he  a  minimum.  To 
apply  this  measure  it  is  ueccssan  to  kno\\  the  amount  of  trallic  and 
the  loss  of  thickness  due  to  wear. 

Classification  of  Wearing  Surfaces.  Tin-  \\earing  airfares 
most  commonly  employed  for  roads  and  streets  are  composed  of. 
(1)  gravel,  broken  stone,  furnace  slag,  and  similar  granular  materials 
bound  with  colloidal  cement  formed  b\  the  action  of  \\ater  on  the 
plastic  elements  of  roek  and  clay;  (2)  broken  stone,  graxel,  and  sand 
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bound  with:  (a)  bituminous  cement;  (b)  hydraulic  cement;  (3)  stone 
blocks;  (4)  brick;  (5)  wood  blocks. 

In  type  (1),  a  certain  amount  of  moisture  is  essential  to  success- 
ful binding.  When  this  is  lacking,  as  in  the  summer  season,  the 
binding  material  becomes  dry  and  brittle,  and  the  fragments  at  the 
surface  are  displaced  by  the  action  of  the  traffic;  an  excess  of  mois- 
ture destroys  the  binding  power;  and  the  surface  is  quickly  broken 
up  by  the  traffic. 

Wearing  surfaces  of  type  (2a)  are  usually  limited  in  life  not 
merely  by  the  wear  of  traffic,  but  by  the  fact  that  all  bitumens  slowly 
alter  in  chemical  composition  when  exposed  to  atmospheric  action, 
and  in  time  become  brittle.  Type  (2b)  is  subject  to  cracking  under 
expansion  and  contracting,  due  to  changes  of  temperature,  and  is 
liable  to  wear  unevenly  owing  to  irregularity  in  mixing  and  the  segre- 
gation of  the  ingredients  while  the  concrete  is  being  put  in  place. 
When  a  defective  spot  begins  to  wear,  it  extends  very  rapidly  under 
the  abrasive  action  of  the  traffic. 

The  materials  of  types  (3)  and  (4)  seldom  rot  or  disintegrate 
and,  when  the  pavement  is  well  constructed,  are  eminently  enduring 
and  generally  render  satisfactory  service.  Since  the  use  of  creosote 
and  other  preservatives  has  increased  the  service  life  of  wood  blocks, 
type  (5),  by  lessening  their  tendency  to  decay,  they  have  come  into 
extensive  use  for  street  paving. 

Gravel  Roads 

Gravel.  Gravel  consists  of  smooth  and  somewhat  rounded 
stones,  varying  in  size  from  small  grains  to  pebbles  4  or  more  inches 
in  diameter.  It  is  found  mixed  with  sand,  on  the  banks  and  in  the 
beds  of  rivers;  and  in  deposits  on  the  land,  mixed  with  clay  and  other 
mineral  substances,  such  as  limestone  and  oxide  of  iron,  from  which 
it  derives  a  distinctive  name.  Gravel  of  the  latter  class  is  called 
cementations  and  when  suitably  prepared  cements  together,  forming 
a  very  satisfactory  roadway  for  light  traffic,  producing  but  little 
dust  in  dry  weather  and  costing  little  to  maintain. 

Preparation  of  Gravel.  Gravel  is  best  prepared  for  use  by 
screening  into  three  grades:  grade  (1),  containing  the  stones  retained 
by  a  IJ-inch  mesh  screen  and  passing  a  2^-inch  mesh;  grade  (2), 
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mesh;  grade  (3),  containing  all  the  material  passing  the  J-inch 

mesh.    The  voids  in  grade  (1)  are  determined,  and  enough  of  grade 

••  (3)  added  slightly  more  than  to  fill  them;  the  two  are  intimately 

^  and  evenly  mixed  and  the  mixture  is  used  for  the  first  or  lower 

course.    The  voids  in  grade  (2)  are  determined  and  a  sufficient 

;j;  quantity  of  grade  (3)  added  to  fill  them;  the  two  are  mixed  and  used 

for  the  top  course.    The  mixture  should  be  combined  very  evenly 

;  , ,  ,    '         so  that  the  fine  material  is  mixed  uniformly  with  the  coarse;  and  in 

¥!j<  spreading' the  mixture,  care  should  be  taken  to  avoid  separating  it 

Mp  ^    •         or  allowing  the  fine  material  to  settle  to  the  bottom. 

k|f ;^  \  If  the  gravel  is  deficient  in  binding  material,  the  latter  may  be 

jjP^v »  added  in  the  form  of  clay,  loam,  limestone  screenings,  shale,  or  marl, 

ffeT "'•''  the  amount  added  ranging  from  10  to  15  per  cent.    An  excess  (20 

^•''v  *     '       per  cent)  of  clay  causes  the  gravel  to  pack  quickly  and  to  present  a 

v  good  appearance  under  the  rolling;  but  in  dry  weather  the  road  will 

ravel,  become  defective  and  dusty,  and  in  wet  weather  it  will  be 

muddy.    Clean  smooth  gravel  will  not  consolidate  without  a  binder 

and.  unless  this  is  of  very  good  quality,  a  road  made  with  it  will 

..nsatisfactory. 

Baying  the  Gravel.  On  the  natural-soil  bed  properly  graded 
and  compacted,  the  prepared  gravel  is  spread  uniformly  to  the. 
depth  desired — usually  6  inches.  Then  it  is  compacted  by  rolling 
with  a  steam  roller,  after  which  it  is  moistened  by  sprinkling  uith 
water,  and  the  rolling  is  repeated.  The  sprinkling  and  rolling  are 
repeated  as  often  as  may  be  required,  until  the  stones  cease  to  rise 
or  creep  in  front  of  the  roller.  The  second  course  then  is  spread  to 
a  depth  of  about  4  inches,  rolled,  sprinkled,  and  again  rolled  in  the 
same  manner  and  to  the  same  extent  as  the  first  course.  After  this, 
a  thin  coat  of  the  fine  screenings  is  spread  over  the  surface  and  the 
traffic  is  admitted. 

If,  during  the  rolling,  the  first  course  appears  to  be  deficient  in 
binding  material,  more  may  be  added  by  spreading  a  thin  la\cr  of 
the  fine  material  over  the  surface  of  the  course,  sprinkling  and 
rolling,  as  above  described. 

If,  during  the  rolling  of  the  top  course,  am  stones  larger  than 
1^  inches  appear,  they  must  be  removed. 

Gravel  shrinks  in  rolling  about  20  per  cent  of  its  loose  depth; 
therefore,  to  obtain  a  thickness  of  8  inches  when  compacted,  the 
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loose  material  should  have  a  depth  of  about  10  inches.  The  thick- 
ness of  the  gravel  coating  varies  according  to  the  nature  of  the 
roadbed;  a  thicker  layer  being  necessary  on  impermeable  soil  than 
on  a  well-drained  soil. 

The  pebbles  in  a  gravel  road  are  imbedded  in  a  paste  and  can  be 
displaced  easily.  It  is  for  this  reason,  among  others,  that  such 
roads  are  subject  to  internal  destruction. 

The  binding  power  of  clay  depends  in  a  large  measure  upon 
the  state  of  the  weather.  During  rainy  periods  a  gravel  road 
becomes  soft  and  muddy,  while  in  very  dry  weather  the  clay  will 
contract  and  crack,  thus  releasing  the  pebbles,  and  causing  a  loose 
surface?  The  most  favorable  conditions  are  obtained  in  moderately 
damp  or  dry  weather,  during  which  a  gravel  road  offers  several 
advantages  for  light  traffic,  the  character  of  the  drainage,  etc., 
largely  determining  durability,  cost,  maintenance,  etc. 

Repair.  Gravel  roads  constructed  as  above  described  will  need 
only  small  repairs  for  some  years,  but  daily  attention  is  required  in 
making  these.  A  garden  rake  should  be  kept  at  hand  to  draw  any 
loose  gravel  into  the  wheel  tracks,  and  for  filling  any  depressions 
that  may  occur. 

In  making  repairs,  it  is  best  to  apply  a  small  quantity  of  gravel 
at  a  time,  unless  it  is  a  spot  which  actually  has  cut  through.  Two 
inches  of  gravel  at  once  is  more  profitable  than  a  larger  amount. 
Where  a  thick  coating  is  applied  at  once  it  does  not  all  paek,  and  if, 
after  the  surface  is  solid,  a  cut  be  made,  loose  gravel  will  be  found; 
this  holds  water  and  makes  the  road  heave  and  become  spouty 
under  the  action  of  frost.  It  will  cost  no  more  to  apply  ()  inches  of 
gravel  at  three  (litre-rent  times  than  to  do  it  at  once. 

At  every  J  mile  a  few  cubic  yards  of  gravel  should  be  stored  to 
be  used  in  filling  depressions  and  ruts  as  fast  as  they  appear,  and 
there  should  be  at  least  one  laborer  to  every  f>  miles  of  road. 

Broken-Stone  Roads 

Methods  of  Construction.  Broken-stone  roads  are  formed  in 
several  different  ways.  For  example,  the  road  may  be  formed  by 
placing  one  or  two  layers  of  stone  broken  into  small  fragments 
upon:  (1)  the  natural  soil;  (2)  a  foundation  composed  of  large  stone 
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concrete.  The  layers  of  broken  stone  are  compacted  by  rolling 
with  a  heavy  roller  and  the  iaterstices,  or  spaces  between  the  stones 
are  filled  with  a  binder  composed  either  of  stone  dust;  stone 
dust  and  clay;  a  grout  of  hydraulic  or  Portland  cement;  or  a  bitu- 
minous cejnent  derived  from  either  coal  tar  or  asphalt,  and  used 
alone  or  mixed  with  sand.  The  broken  stone  forming  the  lower 
surface  layer  often  is  coated  with  a  bituminous  cement  before  placing 
it  upon  the  foundation.  This  applies  particularly  when  the  upper 
layer  is  of  bituminous  cement.  The  broken  stone  also  may  be 
mixed  with  Portland  cement  and  sand,  forming  a  concrete,  which 
is  placed  either  upon  the  prepared  natural  soil  or  upon  a  concrete 
or  broken-stone  foundation. 

The  several  methods  for  constructing  broken-stone  roads  are 
distinguished  by  either  a  specific  name  or  the  name  of  the  introducer. 
Thus,   the  types  known  as    Telford   and  Macadam  are  named 
from  Thomas  Telford  and  John  L.  McAdam,  Scottish  engineers, 
who  introduced  them  in  England  during  the  early  part  of  the  19th 
Century,  as  an  improvement  of  the  method  employed  in  the  18th 
Century  by  M.  Tresaguet  on  the  roads  of  France.    Telford  used  a 
base  of  large  stones,  Fig.  61,  upon  which  the  small  stone  was  placed. 
McAdam  omitted  the  base  contending  that  it  was  useless  and 
injurious.    Both  constructors  insisted  on  thorough  drainage  of  the 
subsoil,  but  neither  used  a  binder  and  rolling  was  unknown.    The 
stones  were  left  to  be  compacted  by  the  traffic.    The  introduction  of 
stone-crushing  machinery  and  rollers  as  well  as  the  practice  (con- 
demned by  McAdam,  but  advocated  by  Mr.  Edgeworth,  an  Irish 
landowner  in  his  treatise  on  Road  Building  published  in  1817)  of  filling 
the  voids  with  a  binder  has  caused  material  departures  from  the 
methods  of  the  pioneers  whose  names  are  still  but  improperly  applied. 
The  cement  grouting  was  introduced  in  England  by  Sir  John 
Macneil.     The  coating  of  the  stone  with  coal  tar  was  first  prac- 
ticed in  England  about  1840,  and  was  called  "tar-macadam".     In 
recent  times,  to  distinguish  the  several  varieties  of  bituminous  con- 
struction, several  specific  terms  have  been  coined,  as  "bitulithic11, 
"tarmac",  "warrenite",  "bituminous  macadam",  "asphalt  macadam", 
etc.    Since  the  use  of  bituminous  binding  has  become  extensive,  the 
term  "water-bound  macadam"  has  come  into  use,  to  distinguish  the 
earlier  macadam  tvoe  from  the  tvpes  recently  introduced. 
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Quality  of  Stones.  The  materials  used  for  broken-stone  pave- 
ments of  necessity  must  vary  very  much  according  to  the  locality. 
Owing  to  the  cost  of  haulage,  local  stone  generally  must  be  used, 
especially  if  the  traffic  be  only  moderate.  If,  however,  the  traffic  is 
heavy,  it  sometimes  will  be  found  better  and  more  economical  to 
obtain  a  superior  material,  even  at  a  higher  cost,  than  the  local 
^tone;  and  in  cases  where  the  traffic  is  very  great,  the  best  material 
that  can  lie  obtained  is  the  most  economical. 

There  &re  a  number  of  qualities  required  in  a  stone  to  render 
efficient  service.  Hardness  and  touglmess,  to  resist  the  effects  of 
abrasion  and  impact.  These  two  properties,  while  closely  related, 
are  not  always  coincident;  some  rocks,  although  extremely  hard,  yet 
are  so  brittle  that  they  crush  easily  under  impact.  In  others  the 
cohesion  between  the  component  particles  is  so  weak  that  they  are 
worn  quickly  by  abrasion.  Durability,  or  power  to  resist  the  disin- 
tegrating influences  of  the  weather  and  humus  acids.  The  quality 
of  durability  depends  chiefly  upon  the  chemical  stability  of  the 
minerals  present.  Physical  defects  and  abrasion  generally  cause 
the  destruction  of  the  stone  long  before  it  is  injured  by  chemical 
changes.  Capability  of  binding  into  a  compact  mass.  This  quality 
is  essential  to  stone  used  for  water-bound  macadam.  The  binding 
or  cementing  property  is  possessed  to  a  greater  or  less  extent  by  all 
rocks  when  in  a  state  of  disintegration.  It  is  caused  by  the  action 
of  water  upon  the  chemical  constituents  of  the  stone  contained  in 
the  detritus — material  worn  off— produced  by  crushing  the  .stone, 
and  by  the  friction  of  the  fragments  on  each  other  uhilc  being  com- 
pacted; its  strength  varies  with  the  different  species  of  rock,  but  it 
exists  in  some  measure  with  them  all,  being  greatest  \\ith  limestone 
and  least  with  gneiss. 

The  essential  condition  of  the  stone  to  produce  this  binding 
effect  is  that  it  be  sound.  No  decayed  : stone  retains  the  property  of 
binding,  though  in  some  few  cases,  \\here  the  material  contains  iron 
oxides,  it  may,  by  the  cementing  property  of  the  oxide,  undergo  a 
certain  amount  of  binding. 

A  stone  of  good  binding  nature  frequently  \\ill  \\car  much 
better  than  one  without,  although  it  is  not  so  hard.  A  limestone 
road  well  made  and  of  good  cross  section  will  be  more  impervious 
than  any  other,  owing  to  this  cause,  and  will  not  disintegrate  so 


HIGHWAY  CONSTRUCTION  89 

soon  in  dry  weather,  owing  partly  to  this  and  partly  to  the  well- 
known  quality  which  all  limestone  has  of  absorbing  moisture  from 
the  atmosphere.  Mere  hardness  without  toughness  is  not  of  much 
use,  as  a  stone  may  be  very  hard  but  so  brittle  as  to  be  crushed  to 
powder  under  a  heavy  load,  while  a  stone  not  so  hard  but  having  a 
greater  degree  of  toughness  will  be  uninjured. 

A  stone  for  a  road  surface  should  be  as  little  absorptive  of 
moisture  as  possible  in  order  that  it  may  not  suffer  injury  from  the 
action  of  frost.  Many  limestones  are  objectionable  on  this  account. 

The  stone  used  should  ]be  uniform  in  quality,  otherwise  it  will 
wear  unevenly,  and  depressions  will  appear  where  the  softer  material 
has  been  used.  As  the  under  parts  of  the  road  covering  are  not 
subject  to  the  wear  of  traffic,  and  have  only  the  weight  of  loads  to 
sustain,  it  is  not  necessary  that  the  stone  of  the  lower  layer  be  so 
hard  or  so  tough  as  the  stone  for  the  surface,  hence  it  is  frequently 
possible  by  using  an  inferior  stone  for  that  portion  of  the  work,  to 
reduce  greatly  the  cost  of  construction. 

Testing  the  Rock.  In  order  to  ascertain  the  probable  resist- 
ance of  the  different  rocks  to  the  destructive  action  of  the  traffic  and 
weather,  tests  are  made  in  the  laboratory  to  determine  the  resistance 
to  impact  and  abrasion,  absorptive  capacity,  hardness,  toughness, 
and  specific  gravity. 

Abrasion.  The  test  for  abrasion  is  conducted  in  the  Deval  type 
of  machine.  It  consists  of  two  or  more  cast-iron  cylinders  mounted 
on  a  shaft  so  that  the  axis  of  each  cylinder  is  inclined  an  angle  of  30 
degrees  from  the  axis  of  rotation.  The  cylinders  are  charged  with 
11  pounds  of  the  rock  broken,  into  fragments,  ranging  from  ]}  to  2^ 
inches.  The  cylinders  are  then  rotated  at  a  uniform  speed  of  2,000 
revolutions  per  hour  for  five  hours,  or  until  the  automatic  recorder 
shows  10, 000  revolutions;  the  charge  then  is  removed  and  placed 
on  a  sieve  having  meshes  of  A  inch.  The  material  retained  on  the 
sieve  is  washed,  dried,  and  weighed.  The  difference  in  weight 
between  the  weight  of  the  charge  and  the  residue  larger  than  xfe  inch 
shows  the  loss  by  abrasion. 

Impact  and  Toughness.  The  test  for  impact  and  toughness  is 
made  in  a  machine,  consisting  of  an  anvil,  plunger,  and  hammer, 
mounted  in  vertical  guides.  The  test  piece  is  placed  on  the  anvil; 
the  hammer  weighing  4.40  pounds  is  raised  and  allowed  to  fall  a 
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distance  of  one  centimeter  for  the  first  blow  and  an  increased  fall  of 
one  centimeter  for  each  succeeding  blow,  until  the  test  piece  fails. 
The  number  of  blows  required  to  destroy  it  is  used  to  represent  the 
toughness;  13  blows  is  considered  to  indicate  low  resistance,  13  to 
19  medium,  and  above  19  high. 

Hardness.  The  test  for  hardness  is  made  on  a  Dory  machine, 
which  consists  of  a  steel  disk  mounted  so  as  to  be  revolved.  The 
test  pieces 'are  cylinders  cut  from  the  rock  by  a  core  drill,  and  the 
'ends  ground  level.  Two  pieces  are  used  for  a  test;  each  is  weighed, 
then  placed  in  the  guides  of  the  machine  with  its  face  resting  upon 
tike  grinding  disk.  The  machine  is  revolved  until  1000'  revolutions 
J$,ve  been  made,  and  during  the  operation,  quartz  sand  is  fed  onto 
t&e  disk.  The  test  piece  is  removed  and  weighed,  and  the  hardness 
is  determined  from  the  formula 

W 
Hardness  =  20  — — 

o 

in  which  W  is  loss  in  grams  per  1000  revolutions.  Hocks  having  a 
hardness  less  than  14  are  considered  soft;  from  14  to  17  medium; 
and  over  17  hard. 

Water  Absorption.  The  capacity  of  the  stone  to  absorb  water 
is  determined  by  using  a  thoroughly  dry  sample  of  stone  \\eighing 
about  12  grams.  The  sample  is  weighed  in  air,  then  immersed  in 
water  where  it  is  weighed  immediately;  after  90  hours7  immersion  it 
is  weighed  again  in  the  water.  The  absorptive  capacity  then  is 
calculated  by  the  formula 

C—  B 
Lb.  water  absorbed  =  — —   XOL}..'$7  per  cu.  ft.  of  rock 


in  which  A  is  the  weight  in  nir;  7tf  is  the  weight  in  \\atcr  immediately 
after  immersion;  T  is  the  weight  in  water  after  immersion  for  90 
hours;  and  62.37  is  the  normal  weight  in  pounds  of  a  cubic  foot  of 
water. 

The  durability  of  a  stone  used  for  roads  is  a  fleeted  to  a  certain 
extent  by  its  capability  of  absorbing  water.  In  cold  climates  a  low 
absorptive  capacity  is  essential  to  resist  the  disintegrating  effects 
of  alternate  freezing  and  thawing. 

Specific  Gravity.    The  snpcifif  prnvitv  i<  rW«>pnnii*>/l  <»iil»i»r  K\- 


HIGHWAY  CONSTRUCTION  91 

weighing  in  a  specific  gravity  balance  or  by  weighing  in  air  and 
water,  and  applying  the  formula 

c      •*  -.  w 

Specific  gravity  =  ^7— pp-  , 

in  which  W  is  the  weight  in  air,  and  Wi  is  the  weight  in  water. 

Specific  gravity  and  porosity  are  closely  related.  The  specific 
gravity  varies  with  the  density  or  compactness  of  the  aggregation  of 
the  mineral  grains  forming  the  stone.  The  closer  the  grains  the  more 
compact  the  stone,  and  the  less  will  be  the  amount  of  interstitial 
space  and  hence. the  less  the  porosity. 

From  the  specific  gravity  the  weight  per  ton  or  per  cubic  yard 
may  be  determined.  A  knowledge  of  the  weight  is  useful  in  decid- 
ing between  two  otherwise  good  stones;  the  heavier  will  be  the  more 
expensive,  due  to  increased  cost  of  transportation.  On  a  water- 
bound  macadam  road  it  is  an  advantage  to  have  a  detritus  with  a 
high  specific  gravity,  as  it  will  not  be  moved  so  easily  by  rain  and 
wind  as  one  of  low  specific  gravity. 

Cementing  Quality.  The  cementing  quality  of  the  stone  dust  is 
determined  by  placing  500  grams  of  the  rock,  broken  to  pass  a  J-inch 
mesh  screen,  in  a  ball  mill,  together  with  90  cubic  centimeters  of 
water  and  2  steel  balls  weighing  20  pounds.  The  mill  and  its  charge 
are  revolved  for  2|  hours  at  a  rate  of  2000  revolutions  per  hour. 
The  operation  produces  a  stiff  dough,  of  which  25  grams  are  placed 
in  a  metal  die  25  millimeters  in  diameter,  and  subjected  to  a  pressure 
of  132  kilograms  per  square  centimeter,  producing  a  cylindrical  test 
piece.  The  test  piece  is  dried  in  the  air  for  20  hours,  after  which  it 
is  heated  in  a  hot-air  oven  for  4  hours  at  a  temperature  of  200° 
Fahrenheit  and  then  cooled  in  a  desiccator  for  20  minutes.  When 
cool  it  is  tested  in  the  impact  testing  machine  in  the  same  manner 
as  the  test  for  toughness,  using  a  hammer  weighing  I  kilogram  and 
a,  fixed  height  of  fall  of  1  centimeter.  Blows  are  struck  until  the 
test  piece  fails.  The  average  of  the  number  of  blows  on  5  test 
pieces  is  taken  as  the  result  of  the  test.  A  result  of  10  is  considered 
to  indicate  a  low  cementing  quality;  10  to  25  is  considered  fair;  20 
to  75  good;  7(>  to  100  very  good;  over  100  excellent. 

Species  of  Stone.  The  rocks  most  extensively  used  for  broken- 
stone  roads  are  trap,  granite,  limestone,  sandstone,  boulders,  or  iield- 
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of  the  stone  under  the  roller,  the  depth  of  the  courses  of  loose  stone 
should  exceed  the  finished  depth  by  from  25  to  30  per  cent. 

The  stone  is  hauled  upon  the  roadbed  in  vehicles  of  various 
types  provided  with  broad-tired  wheels.  In  some  types  of  vehicle 
it  is  spread  in  layers  as  the  vehicle  is  drawn  along  the  roadbed;  with 
others  it  is  dumped  in  heaps  and  spread  by  hand  with  forks  and 
brought  to  an  even  surface  by  raking,  Fig.  62. 

Compacting  the  Broken  Stone.  The  stone  is  compacted  by 
rolling  with  heavy  rollers  drawn  by  horses  or  propelled  by  steam  or 
other  power,  Fig.  63.  The  steam  roller  is  more  effective  than  horse- 
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drawn  rollers.  The  usual  weights  of  steam  rollers  are  5,  10,  and  If) 
tons;  the  10-ton  being  the  one  generally  used,  although  the  \\eight 
of  the  roller  should  be  selected  in  accordance  with  the  bearing  power 
of  the  natural  soil.  A  roller  having  excessive  weight  may  cause 
injury  to  the  roadbed,  by  rolling  it  into  undulations  that  \\i\l  permit 
water  to  collect  and  consequently  cause  damage.  A  roadbed  which 
will  stand  a  heavy  roller  in  dry  weather  may  be  injured  by  it  during 


r*»«  L- 


if  ic 


94 


HIGHWAY  CONSTRUCTION 


The  roller  should  commence  at  one  edge  or  border  of  the  road- 
way, and  move  along  that  e^ge  until  within  about  25  feet  of  one 
end  of  the  spread  stone;  it  then  should  cross  over  to  the  other  edge 
and  proceed  along  this  edge  to  the  beginning,  crossing  over  and 
overlapping  the  strips  previously  rolled  until  the  center  of  the  road 
is  reached.  The  rolling  is  continued  in  this  manner  until  the  stones 
cease  to  creep  in  front  or  sink  under  the  roller.  If,  during  the  first 
passages  of  the  roller,  low  spots  appear,  they  should  be  filled  to 
grade  with  stone  of  the  same  size  as  is  in  the  course  being  rolled. 


Fig  (>:J      C'otiipjuliiiK  HinUi  n  Muni-  l.i  M.  mi  l;»l!i  i 
Cuurttt.il  (if  I'nitiil  Stnt i  -  D<  imrtiin  nt  ni    \'i>  "  nit  <" 

After  about  t\vo  passages  of  the  roller,  the  hinder,  miM.t  MILT  of 
the  screenings  from  the  stone  bein«j  used  For  the  eom>e,  is  -pnad  in 
a  thin  layer  over  the  surface  of  the  partl\  eompa<  ted  MOMC  ;md 
sprinkled  with  water,  which  \\a^ies  it  into  the  \oi.U  in  the  -tone, 
the  rolling  then  is  continued,  Fii^.  (»1.  The  operaiiuii  of  ap|>h  inu 
the  binder,  sprinkling,  and  rolling  is  repeated  until  a  \\a\r  of  \\.iter 
and  screenings  rises  in  front  of  the  roller.  Kaeh  eoiir~r  i^  treated 
and  rolled  in  the  same  manner.  IF  the  M-n-emui^  from  the  roek 
that  is  being  used  are  not  suitable  For  binding,  screenings  From  other 
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An  excess  of  binder  and  water  will  shorten  the  time  required  to 
consolidate  the  stone  and  produce  the  appearance  of  a  good  piece  of 
work,  but  under  traffic  it  will  wear  unevenly  and  go  to  pieces  quickly. 

Suppression  of  Dust  on  Macadam  and  Telford  Roads.  Since 
the  introduction  of  mechanically  propelled  vehicles,  broken-stone 
roads  constructed  according  to  the  principles  of  Telford  and  McAdam, 
have  proven  inadequate  to  the  demands  of  the  changed  traffic. 

The  adhesion  between  the  particles  of  stone  is  insufficient  to 
react  against  the  propulsive  force  exerted  by  the  driving  wheels, 


Fig    (>1       Hulling  and  tiprmkhug  Second  COUTMU  of  JMacudain  Ituud  Lu  Complete 

Binding  Process 
(  mutt*!!  of  Cnitul  ,S7«/«s  UciHiitmriit  of   \  urn  nit  tin- 

hence  the  stones  are  loosened,  and  although  the  rubber  tires  \\ith 
which  the  motor  vehicles  arc  equipped  produce  little  dust  by  attri- 
tion or  wearing  away,  the  vehicle  moving  at  high  speed  creates  a 
partial  vacuum.  The  current  of  air  which  then  rushes  in  to  re-estab- 
lisii  the  equilibrium  picks  up  the  small  particles  of  stone  displaced 
and  loosened  by  the  thrust  of  the  driving  wheels  and  distributes 
them  in  the  form  of  dust,  which  is  verv  disagreeable  to  other  users 
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are  thrown  about  and, ground  upon  one  another  and  thus  increase 
the  amount  of  fine  material  ready  to  be  scattered  as  dust. 

The  frequent  repetition  of  these  actions  causes  the  pavement 
to  pit  and  disintegrate.  The, destructive  effect  is  intensified,  the 
greater  the  speed,  and  where  the  irregularities  of  the  surfaces  are 
such  as  to  cause  the  wheels  to  leave  it,  there  is  produced  a  bounding 
motion  that  is  continued  for  some  distance  and  is  particularly  dis- 
astrous. Shearing  of  the  road  fabric  is  very  severe  on  steep  grades 
and  curves  due  to  the  slipping  of  the  driving  wheels  when  the  pro- 
pujsive  force  is  greater  than  the  adhesion  between  the  tire  and  the 
iroiad,  surface.  The  damage  arising  from  this  is  more  extensive 
during  wet  weather  and  is  intensified  when  the  wheels  are  equipped 
with  bars,  chains,  studs,  and  other  anti-skidding  devices. 

The  formation  of  dust  and  mud  cannot  be  prevented  absolutely, 
because  all  materials,  by  attrition  and  the  disintegrating  action  of 
the  elements,  yield  dust  when  dry  and  mud  when  wet.  If  the  sur- 
face of  a  water-bound  macadam  road  could  be  maintained  in  a 
moist  condition,  there  would  be  no  dust,  but  moistening  with  water 
even  in  cities,  towns,  and  villages  is  expensive,  and  in  rural  districts 
the  cost  is  prohibitive  and  the  practice  would  be  impossible,  owing 
to  the  absence  of  water  available  for  the  purpose.  Hence  in  dealing 
with  existing  road  surfaces  a  remedy  has  been  sought  in  more  fre- 
quent cleansing  and  in  the  use  of  some  substitute  for  \vatcr  which 
would  be  cheap,  effective,  lasting,  and  easily  applied.  To  meet  this 
demand  several  "dust-laying11  compositions  have  been  placed  on 
the  market,  and  experiments  have  been  made  with  some  of  these, 
but  it  has  been  demonstrated  clearly  that,  with  hut  few  exceptions, 
they  have  a  very  temporary  effect,  and  their  application  must  he 
frequent  and  thorough. 

Under  the  head  of  exceptions,  that  is,  of  the  more  or  less 
permanent  methods,  are  included  the  following:  (lj  the  cementing 
of  the  surface  stone  by  a  bituminous  cement  or  hinder.  When 
the  hinder  is  applied  by  the  penetration  method,  the  surface  is 
described  by  the  general  ternrljituminou.s-macadaiif ';  and  \\hen  it  is 
desired  to  indicate  the  kind  of  hinder,  the  de.scripti\  e  na  mes,  "asphalt- 
macadam",  "tar-macadam",  etc.,  arc  used.  When  the  hinder  is 
applied  by  the  mixing  method,  the  construction  is  called  "bitumi- 
nous-concrete", or  s 


HIGHWAY  CONSTRUCTION  97 

name  as,  "bitulithic",  •  Varrenite",  "amiesite",  "filbertine",  "rock- 
asphalt",  etc.;  (2)  binding  the  stone  with  hydraulic  cement,  the 
surface  so  formed  being  called  "concrete-macadam",  or  "concrete 
pavement".  These  will  be  discussed  later  under  their  respective 
headings. 

Turning  to  the  details  of  the  various  temporary  methods,  we 
find  the  following: 

(1)  Fresh  Water.    This  is  the  simplest  remedy,  but  not  always 
the  most  practicable  nor  the  cheapest. 

(2)  Sea  Water.    This  is  a  simple  remedy  but  available  only  on 
the  seacoast.    The  salts  contained  in  sea  water  are  highly  anti- 
septic and  deliquescent;  a  light  sprinkling  will  suppress  the  dust  for 
several  hours.    Its  use,  however,  is  objected  to  for  the  reason  that 
it  injures  the  varnish  and  running  gear  of  vehicles,  corrodes  cast- 
iron  street  fittings,  and  when  the  road  surface  on  which  it  has  been 
used  has  dried  the  dust  then  produced,  containing  salt,  injures  food 
and  other  goods  exposed  to  it.    Moreover,  after  a  few  weeks'  use 
the  dust  is  converted  into  a  pasty  mud  that  adheres  to  the  wheels 
and  causes  the  surface  of  the  road  to  be  "picked  up". 

(3)  Deliquescent  Salts.    The  chief  advantage  of  these  salts  is 
that  their  effect  is  more  lasting  than  that  of  water.    The  salt  used 
most  extensively  is  calcium  chloride  obtained  as  a  by-product  in  the 
manufacture  of  soda  by  the  ammonia  process.    The  salt  may  be 
applied  either  in  solution  or  in  the  dry  form.     It  takes  up  water 
rapidly  and  proves  very  efficient  where  the  atmospheric  moisture  is 
sufficient  to  feed  the  salt.    Glutrin,  the  commercial  name  for  the 
waste  sulphite  liquor  obtained  in  the  manufacture  of  paper  from 
wood  pulp  by  the  sulphite  process,  reduces  the  formation  of  dust, 
but  the  treatment  must  be  repeated  frequently.     Waste  molasses 
or  "black  .strap"  from  sugar  refineries  mixed  with  milk  of  lime 
possesses  good  dust-suppressing  qualities. 

(4)  (1oal-Tar  Coating.     Refined  coal  tar  applied  either  hot  or 
cold  in  the  form  of  a  spray  minimizes  the  production  of  dust,  renders 
the  surface  waterproof,  and  reduces  wear.    The  success  attending 
its  use  depends  upon  the  quality  of  the  tar,  the  state  of  the  weather, 
which  must  be  clear  and  dry,  the  condition  of  the  road  surface, 
which  must  be  dry  and  free  from  dust  and  dirt,  and,  in  the  case  of 
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(5)  Solutions  of  Coal  Tar  and  Petroleum.    Several  patented 
preparations  of- coal  tar  are  on  the  market.    The  principle  of  all  is 
practically  the  same,  namely,  the  solution  of  the  tar  or  oil  in  water 
by  a  volatile  agent,  which  on  evaporation  leaves  a  more  or  less 
insoluble  coating  on  the  road  surface.    The  more  favorably  known 
of  these  preparations  are  "tarvia"  and  "westrumite". 

(6)  Crude  Petroleum  and  Residuum  OH.    Crude  petroleum 

a  large  percentage  of  asphalt  gives  the  best  results, 
having  paraffin  and  naphtha  as  a  base  refuses  to  bind, 
uces  a  greasy  slime.    The  residuum  oils  obtained  in  the 
of  petroleum  having  asphaltum  for  a  base  have  yielded 
results  in  many  cases. 

Two  methods  are  followed  in  applying  the  oil :     (a)    The  sur- 
face of  the  road  to  be  oiled  is  prepared  by  removing  the  dust  with 
hand  or  power  brooms.    The  oil,  in  the  cold  method,  is  applied  by 
specially  designed  sprinkling  wagons,  at  the  rate  of  from  one-third 
+r»  /-mp.hfllf  orallrm  Der  square  yard.    After  being  applied  the  oil  is 
^  or  stone  screenings  and  may  or  may  not  be 
jil  is  applied  once  or  twice  a  year  according  to  whether 
c  is  light  or  heavy.    The  surface  of  the  road  must  he  dry 
3  oil  is  applied. 

(b)  The  oil  is  sprinkled  over  the  surface  and  mixed  with  the 
dust.  If  the  oil  is  merely  sprinkled,  the  mixture  of  dust  and  oil 
made  by  the  action  of  the  traffic  will  become  very  sticky  and  \\  ill  he 
removed  in  spots  by  adhering  to  the  wheels.  For  the  purpose  of 
facilitating  the  handling  and  of  securing  a  deeper  penetration 
than  is  possible  with  cold  oil,  the  oil  is  heated  to  a,  temperature  of 
about  140°  Fahrenheit  and  applied  in  the  same  manner  a^  the 
cold  oil. 

(7)  Oil  Tar  and  Creosote.    Oil  tar  is  the  residual  liquid  from 
the  manufacture  of  carbureted  water  gas  and  oil  gas.     The  tar  used 
for  road  purposes  is  obtained  by  distilling  the  original  tarry  liquid  to 
remove  the  light  oil,  naphthalene,  and  creosote.     Various  grades  of 
tar  are  produced  according  to  the  temperature  at  \\hich  the  dis- 
tillation is  stopped.     The  higher  the  temperature  of  distillation,  the 
harder  and  more  brittle  the  tar. 

The  oil  tar  either  alone  or  mixed  \\ith  creosote  is  applied  in  the 
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Bituminous-Macadam 

Features  of  Bituminous=Macadam.  A  bituminous-macadam 
wearing  surface  differs  from  the  previously  described  water-bound 
broken-stone  surface  only  in  the  kind  of  binder  and  the  quality 
of  the  stone.  The  bituminous  binder  is  prepared  from  asphalt, 
asphaltic  oils,  refined  water-gas  tars,  refined  coal  tars,  and  com- 
binations of  refined  tars  and  asphalts. 

The  bituminous  binders  adhere  to  comparatively  porous  and 
relatively  soft  stone,  such  as  limestone,  better  than  to  the  hard 
stones,  such  as  trap  and  granite.  Consequently,  the  stone  used 
with  the  bituminous  binders  may  be  inferior  in  hardness  and  binding 
quality  to  that  required  for  water-bound  macadam. 

Methods  of  Construction.  The  essentials  necessary  to  the 
successful  construction  of  a  bituminous  covering  are:  (1)  the  exclu- 
sion of  both  subsoil  and  surface  water  from  the  foundation;  (2)  a 
solid  unyielding  foundation;  (3)  a  stone  of  suitable  quality  and 
size;  (4)  that  the  stone  shall  be  entirely  free  from  dust,  otherwise 
the  dust  will  interpose  a  thin  film  between  the  stone  and  the  bitu- 
minous binder  and  prevent  the  latter  from  adhering  to  the  stone; 
(5)  if  the  stone  is  to  be  used  hot,  that  it  shall  not  be  overheated; 
and  if  is  to  be  used  cold,  that  it  shall  be  dry,  for  if  wet  or  damp, 
the  bituminous  material  will  not  adhere  to  it;  (6)  that  the  bituminous 
cement  shall  be  of  suitable  quality;  free  from  water,  for  which  the 
stone  has  a  greater  affinity  than  for  bitumen,  and  would  thus  pre- 
vent adhesion;  free  from  ammoniacal  liquor,  which  is  apt  to  saponify 
some  of  the  oily  constituents  and  thus  render  them  capable  of 
combining  with  water  and  therefore  apt  to  be  washed  out;  free 
from  an  excess  of  light  oils  and  naphtha,  which  act  as  diluents 
and  volatilize  on  the  surface  of  the  road,  forming  a  skin  that  is 
not  durable;  free  from  an  excess  of  free  carbon,  because  it  lias  no 
binding  value  and  is  liable  to  be  converted  into  dust  and  mini. 

Two  general  methods  with  various  modifications  in  the  minor 
details  are  employed  for  applying  the  bituminous  binder  to  form 
the  wearing  surface,  viz,  the  penetration  method,  and  the  mixing 
method. 

Penetration  Method.  In  this  method,  the  stone  is  spread  and 
packed  slightly  by  rolling.  The  bituminous  binder  is  then  applied 
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nozzle  leading  from  at&nkcart;  or  by  a  mechanical  distributor  i 
air  -pressure  to  discharge  |he  material  through  nozzles  that  Sf 
it  in  a  finely  divided  stream  or  spray,  Fig.  65.  The  binder  is  he, 
usually  by  steam  from  the  roller,  but  when  hand  pots  are  us€ 
is  heated  in  kettles  over  fires.  The  quantity  applied  is  aboi 
juare  yard.  After  the  binder  is  distributed,  it  is  co\ 

with  a  light  coating  of  s 
dust,  sand,  or  gravel,  an< 
rolling  is  continued.  In  i 
cases,  after  the  rolling  is 
pleted,  another  applicatic 
the  binder  is  made  at  the 
of  about  one-half  gallor 
square  yard;  this  is  call 
"paint  coat"  and  is  c<n 
with  a  light  sprinkling  of  > 
screenings. 

Mixing  Method.  In 
method  the  stone  to  be 
for  the  wearing  surface,  ^ 
ing  in  size  from  \  t< 
inches,  is  cleaned  and  d 
then  mixed  with  a  suffi 
quantity  of  the  hinder  to 
all  the  stones  thoroiij 
The  mixing  is  performc 
manual  labor  on  a  m 
board,  Fig.  (>('),  or  by  r:i 
the  Atones  through  u  b;i 
liquid  hinder,  or  by  pa 
through  a  mechanical  mi 
machine,  Fig.  (57.  The  coated  stones  are  .spread  upon  the  found: 
in  a  layer  having  a  thickness  of  about  \\  inches  and  are  c<>\ 
with  a  light  coating  of  stone  screenings  free  from  dust;  then 
compacted  by  rolling,  Fig.  (>S.  Wherever  the  binder  flushe 
the  surface  it  is  covered  \\ith  screenings  and  rolled.  When 
rolling  is  completed,  the  surplus  screenings  are  swept  from 


Fig.  05.     Spreading  Bituminous  Hmdor  by  PH- 

Nozzle,  Pcnotrution  Method 

Courtesy  of  Jiarrctt  U  i "  n  n  i-i'i-ij  ( 'omjxt  n 
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Fig  66.     Hand  Method  of  Mixing  Stone  and  Binder 
Courtesy  of  Barrett  Manufacturing  Company,  New  York  City 


FIR  f>7      Machine  Method  of  Mixing  Stone  and  Rindor 
ourtesy  of  Hin ri'tt  Mnntifnttunng  C<nupnn\it  Nno  Yoi/c  Cit 
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binder  called  a  "seal  coat",  for  the  pyrpose  of  insuring  the  watei 
proofing  and  complete  fflfcsg  of  the  voids,  Fig.  6$.  For  this  coai 
about  one-half  gallon  of  binder  is  used  per  square  yard  of  surfaq* 
Screenings  again  are  spread  and  may  or  may  not  be  rolled. 

Advantages  and  IXscdwrdages  of  the  Penetration  Method.    Th 
$4vtotage  of  the  penetration  method  is  the  ease  and  rapidity  wit 
which  it  can  be  carried  ottt,  and  the  low  cost  for  equipment  and  laboi 
The  disadvantages  of  the  peiietration  method  are:     (1)  th 
1  "difficulty  of  obtaining  an  absolutely  uniform  distribution  of  the  binde] 
producing  'lean"  ted  "fat"  spots  that  will  prove  defective  unde 
(2)  it  is  wasteful,  in  that  it  is  necessary  to  use  more  binde 
actually  is  required  to  coat  the  stones  and  bind  them  togethei 


Fig.  69.     Spraying  Seal  Coat  by  Auto  Trurk,  One-Hull  (iiillmi  to  tin-  ^  mil 
Courtesy  of  Barrett  Mniiu/nrturmu  Comixim/,  A »  "•  York  (  it>t 


(3)  it  is  difficult  and  sometimes  impossible  to  u*c  a  binder  of  Miff 
cient  original  consistency  to  produce  a  satisfactory  bond,  <>\sin^  t 
the  bitumen  setting  too  rapidly  \\lien  applied  to  cold  MOMC. 

Advantages  and  Dimdrnnttiycft  of  the  Mivinij  Method.  Th 
advantages  of  the  mixing  method  are:  (1)  the  producing  of  a  imifon 
fabric  in  which  the  cement  is  distributed  uniformly  and  cement 
each  individual  stone;  (2)  that  construction  can  be  carried  on  i 
colder  weather  than  is  permissible  with  the  penetration  met  hoc 
If  hot  stone  is  used,  a  bitumen  can  be  employed  of  such  origini 
consistency  as  is  required  to  sustain  the  traffic  satisfactorily. 

The  disadvantage  of  the  mixing  method  is  the  greater  cos 
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due  (1)  to  the  increased  labor,  and  (2)  to  the  more  elaborate  equip- 
ment and  apparatus  required. 

Bitulithic.  Bitulithic  is  composed  of  stone,  ranging  in  size  from 
2  inches  to  Tfor  of  an  inch,  and  dust,  which  are  dried,  heated, 
and  mixed  in  predetermined  proportions,  so  as  to  reduce  the  voids 
to  about  10  per  cent,  and  cemented  by  a  hot  bituminous  cement 
manufactured  from  either  coal  tar,  asphalt,  or  a  combination  of 
both.  The  cement  is  added  in  sufficient  quantity  not  only  to  coat 
every  particle  and  to  fill  all  of  the  remaining  voids  but  with  enough 
surplus  to  result  in  a  rubbery  and  slightly  flexible  condition  of  the 
mixture  after  compression. 

The  mixture  is  spread,  while  hot,  to  such  depth  as  will  give 
a  thickness  of  2  inches  after  compressing  with  &  10-ton  roller. 
After  rolling,  a  composition  coating  called  a  "flush  coat"  is  spread 
over  the  surface;  this  being  covered  while  sticky  with  hot  stone 
chips  which  are  rolled  until  cool.  The  purpose  of  the  stone  chips 
is  to  form  a  gritty  surface  to  prevent  slipping. 

Amiesite.  Amiesite  is  a  patented  preparation  of  crushed  stone 
or  gravel,  coated  with  an  asphaltic  cement.  It  is  laid  in  two  courses 
and  a  surface  finish.  The  first  course,  composed  of  stone  ranging 
from  \  inch  to  1J  inches,  is  spread  to  a  depth  of  3  inches,  blocks 
or  strips  of  wood  being  used  to  insure  uniformity  of  depth,  then 
rolled  once.  The  second  course  is  composed  of  stone  \  inch  and 
less,  spread  1  inch  deep,  then  rolled.  The  surface  finish  consists 
of  screenings  or  sand,  used  in  sufficient  quantity  to  fill  the  voids. 

Rock  Asphalt.  The  rock  asphalt  most  used  in  the  United 
States  is  a  sandstone  containing  from  7  to  10  per  cent  of  asphalt. 
It  is  prepared  for  use  by  pulverizing  and  is  used  either  hot  or  cold. 
It  is  spread  upon  the  surface  of  the  stone  to  a  depth  of  about  \\ 
inches  and  rolled  \\ith  a  steam  roller;  the  rolling  is  repeated  daily  for 
several  (lays,  or  until  the  asphalt  becomes  hard. 

Definitions  of  Bituminous  Materials.  The  most  recently 
adopted  definitions  of  the  bituminous  materials  employed  in  road 
construction  arc: 

Native  lidiuucn.  Native  bitumen  is  a  mixture  of  native  or 
pyrogenous  hydrocarbons  and  their  mm-metallic  derivatives,  which 
may  he  gases,  liquids,  viscous  liquids,  or  solids  and  which  are  soluble 
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Artificial  Bitumen.  Artificial  bitumen  is  produced  by  the 
destructive  distillation  of  pyrobitumens  and  other  substances  of 
an  organic  nature;  the  bitumens  so  produced  are  commonly  known 
as  tars,  the  word  tar  being  compounded  with  the  name  of  the  material 
which  has  been  subjected  to  the  process  of  destructive  distillation, 
thus  designating  its  origin,  as,  coal  tar,  oil  tar,  etc. 

Bituminous.  Bituminous  refers  to  that  which  contains  bitumen 
or  constitutes  a  source  of  bitumen. 

Emulsions.  Emulsions  are  oily  substances  made  mixable  with 
water  through  the  action  of  a  saponifying  agent  or  soap. 

Fixed  Carbon.  Fixed  carbon  is  the  organic  matter  of  the 
residual  coke  obtained  upon  burning  hydrocarbon  products  in  a 
covered  vessel  in  the  absence  of  free  oxygen. 

Fluxes.  Fluxes  are  fluid  oils  and  tars  which  are  incorporated 
with  asphalt  and  semi-solid  or  solid  oil  and  tar  residmirns  for  the 
purpose  of  reducing  or  softening  their  consistency. 

Residuums,  Residual  Petroleum,  or  Residual  Oil*.  These  are 
heavy  viscous  residues  produced  by  the  evaporation  or  distillation 
of  crude  petroleums  until  at  least  all  of  the  burning  oils  have  been 
removed. 

Bituminous  Cement.  The  bituminous  cements  or  hinders 
are  prepared  from  (1)  coal-,  oil-,  and  water-pis  tars;  CJ)  asphaltic 
petroleums;  (3)  asphalt;  and  (4)  combinations  of  asphalt  and  the 
residues  of  distillation  from  asphaltic  petroleum^. 

Coal-Tar  Binder.  Coal-tar  binder  is  the  residue  obtained  by 
the  distillation  of  the  crude  tar  produced  in  the  manufacture  of 
illuminating  gas  and  the  manufacture  of  coke  for  metallurgical 
purposes;  the  required  consistency  is  obtained  by  rcmo\ing  part 
or  all  of  the  contained  oils.  O\\ing  to  the  diil'ercnce  in  the  tem- 
peratures employed  in  the  two  producing  process,  the  const  it  units 
of  the  tar,  while  identical  in  their  characteristics,  ditl'cr  in  their 
amount;  the  most  marked  diU'erencu  being  in  the  free  carbon  con- 
tent, of  \\hieh  coke-oven  tar  has  the  least. 

Oil-das  Tar.  Oil-gas  tar  is  produced  in  the  manufacture  of 
gas  from  oil.  The  tarry  residue  is  rather  \aried  iu  character  and 
is  prepared  for  use  by  distillation;  it  usually  contains  a  large  amount 
of  free  carbon. 
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ture  of  carbureted  water  gas  for  illuminating  purposes  and  results 
from  the  petroleum  product  employed  for  carbureting.  It  is  a 
thin  oily  liquid  containing  a  large  percentage  of  water.  It  is  pre- 
pared for  road  use  by  mechanical  dehydration  and  distillation. 
It  has  a  strong  gassy  odor  when  applied  to  the  road,  but  this  dis- 
appears in  a  few  days. 

Asphaltic  Petroleums.  Asphaltic  petroleums  are  native  petro- 
leums which  yield  asphalts  upon  reduction.  They  are  used  in  the 
crude  state,  or  after  the  illuminating  and  other  oil  constituents 
have  been  removed  by  cracking  or  blowing. 

Asphalt.  Asphalt  is  the  name  by  which  the  native  semi-solid 
and  solid  bitumen  is  known.  Asphalt  is  the  most  permanent  type 
of  binder  and  has  been  used  for  many  years  in  the  construction  of 
sheet-asphalt  pavements.  The  semi-solid  or  tarry  varieties  are 
called  "malthas"  and  are  the  ones  generally  employed  as  a  binder 
for  broken-stone  roads;  the  solid  variety  is  used  almost  exclusively 
for  street  pavements.  Rock  asphalt  or  bituminous  rock  is  the  name 
given  to  a  great  variety  of  sandstone  rocks  more  or  less  saturated 
or  cemented  by  maltha  or  hard  asphalt.  In  referring  to  rock  asphalts 
it  is  customary  to  add  the  name  of  the  locality  where  they  are  found, 
as  "Kentucky  rock  asphalt",  "Italian  rock  asphalt",  etc.  The 
semi-solid  varieties  are  used  in  the  natural  state  or  after  the  water 
and  volatile  hydrocarbons  have  been  removed  by  heating.  The 
hard  varieties  are  prepared  by  softening  with  a  suitable  flux. 

Combinations  of  Asphalt  and  Distillation  Residues.  Com- 
binations of  asphalt  and  the  residue  from  the  distillation  of  tars 
and  petroleums  are  made  by  adding  either  a  refined  maltha  or  a 
pulverized  solid  asphalt;  the  mixing  being  accomplished  by  the 
injection  of  compressed  air  through  suitably  formed  nozzles. 

Tests  for  Bituminous  Materials.  The  bituminous  materials 
are  subjected  to  certain  tests  for  the  purpose  of  ascertaining  their 
chemical  and  physical  properties.  The  results  of  the  tests  arc 
used  in  specifications  to  secure  the  furnishing  of  the  desired  quality 
of  material  and  to  control  the  processes  of  manufacture;  also  to 
form  a  record  by  which  the  behavior  of  the  materials  under  similar 
and  dissimilar  service  conditions  can  be  compared.  The  complex 
character  of  the  materials  requires  a  suitablv  equipped  laboratory 
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The  tests  are  determinations  of  (1)  amount  of  water  contained; 

(2)  materials  soluble  in  water;  (3)  homogeneity  at  a  temperature 
of  77° 'Fahrenheit;  (4)  specific  gravity;   (5)   consistency  or  vis- 
cosity  measured  by  a  standard  penetration  machine;  (6)  ductility, 
or  the  distance  the  material  can  be  drawn  out  before  breaking; 
(7)  toughness,  or  resistance  to  fracture  under  blows  in  an  impact 
machine;  (8)  melting  or  softening  point,  measured  by  a  thermometer 
while  the  temperature  is  raised  through  a  water  or  oil  bath;  (9) 
distillation — the  products  yielded  at  different  temperatures  during 
continuous  distillation  in  a  suitable  flask  or  retort  are  caught  and 
weighed;  (10)  amount  of  free  carbon— a  sample  is  dissolved  in  carbon 

"  bisulphide,  the  solution  filtered,  and  the  insoluble  residue  weighed; 

(11)  amount  of  fixed  carbon— a  sample  is  placed  in  a  platinum 
?;'V                    crucible  and  heated  until  the  emission  of  flame  and  smoke  ceases, 

then  is  allowed  to  cool  and  the  residue  is  weighed;  and  the  difFcrenc-e 
between  the  weight  of  the  sample  and  the  residue  is  the  fixed  carbon; 

(12)  paraffine — the  presence  of  paraffine  is  determined  by  treating 
a  sample  with  absolute  ether,  freezing  the  mixture,  filtering  the 
precipitate,  evaporating  and  weighing  the  residue;   (I.1!)   amount 
of  bitumen  contained — found  by  weighing  a  .sample  of  the  dried 
material,  by  adding  carbon   bisulphide   to  dissolve   the    bitumen, 
and  by  drying  and  weighing  the  residue  after  the  extraction   is 
completed.     The    loss    is    the    amount   of    bitumen    .soluble    in 
carbon  bisulphide.     A    sample  also  is  treated    \\ith  naphtha  and 
the  character  of  the  residue  is  noted   as-   to   uhcthcr   it    is   sticks 
or  oily. 

Concrete  Pavements 

Construction  Methods.  Se\cral  methods  \\ith  man\  \aria- 
tions  are  employed  for  the  construction  of  concrete  pa\cmcnts 
The  principal  ones  are:  (1)  grouting  method,  the  conMruction 
being  commonly  called  "concrete  macadam1';  IL'J  mixing  method; 

(3)  block  or  cube  method. 

(iwuting  Method.  In  this  method  the  stone  is  .spread  upon 
the  foundation  and  lightly  rolled,  after  \\hich  a  mixture  of  one 
part  of  cement  and  three  parts  of  sand  in  the  dry  state  is. spread  mer 
the  stone  and  swept  into  the  interstices  by  brooms,  then  sprinkled 
with  water  and  rolled;  more  cement  and  sand  are  spread,  sprinkled, 
and  rolled:  the  onenitinn  i<  r^np-iti>J  until  tim  ;,,f,kn,*; „„  *;n..,i 
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A  variation  of  this  method,  known  as  the  Hassam  paving,  is  made 
by  spreading  the  stone,  rangipg  in  size  from  1 J  inches  to  2£  inches, 
and  rolling  it  to  a  thickness  of  4  inches,  then  filling  the  interstices 
with  a  grout  composed  of  one  part  cement  and  three  parts  of  sand 
mixed  with  water  in  a  mixing  machine,  from  which  it  flows  over 
the  surface,  the  machines  being  drawn  along  the  roadway  for  this 
purpose;  rolling  is  proceeded  with  at  the  same  time  and  sufficient 
grout  is  applied  to  fill  the  interstices.  On  the  foundation  so  prepared 
a  wearing  surface  is  formed;  the  stone  is  spread  in  the  same  manner 
as  in  the  first  course;  the  grout,  composed  of  one  part  cement  and 
two  parts  sand,  mixed  with  sufficient  water  to  make  it  very  fluid,  is 
applied  by  flowing  over  the  surface  of  the  compacted  stone.  The 
•surface  is  finished  by  applying  a  thick  grout  composed  of  one  part 
each  cement,  sand,  and  pea-sized  trap  rock. 

Mixing  Method.  In  this  method  the  ingredients  are  com- 
bined into  concrete  by  either  hand  or  machine  mixing;  the  con- 
crete is  deposited  in  place  in  one  or  two  courses,  the  former  being 
called  "one-course"  pavement  and  the  latter  "two-course"  pave- 
ment. In  the  one-course  method,  the  concrete  mixed  in  the  pro- 
portions of  one  part  cement,  one  and  one-half  parts  sand,  and  three 
parts  stone  is  spread  upon  the  prepared  natural  soil  foundation 
and  tamped  to  a  thickness  of  about  6  inches. 

In  the  two-course  work  the  concrete  mixed  in  the  proportions 
of  one  part  cement,  two  and  one-half  parts  sand,  and  five  parts 
stone  is  spread  upon,  the  prepared  natural-soil  foundation  and  com- 
pacted by  rolling  or  tamping  to  the  required  thickness.  On  its 
surface,  and  before  the  cement  has  set,  the  wearing  surface  of  about 
2  inches  in  thickness  is  placed  and  tamped  to  the  required  contour. 
The  mixtures  used  for  the  wearing  surface  vary,  being  composed 
of  sand  and  cement,  or  of  sand,  cement,  and  small  broken  stone. 
The  wearing  surface  of  the  Uloine  pavement  is  composed  of  one 
part  cement  and  one  and  one-half  parts  of  aggregate,  which  is 
made  up  of  50  per  cent  1-inch,  30  per  cent  J-iiifli,  and  20  per  cent 
tV'mch  granite  screenings.  The  surface  is  formed  into  4.^-iuch 
by  9-inch  blocks  by  cutting  grooves  \  inch  wide  and  1  inch  deep 
by  means  of  special  tools. 

Materials.    The  materials  used  in  the  construction  of  concrete 
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•  hard  tough  rock,  free  from  dust  and  dirt,  and  graded  so  as  to  reduce 
voids  to  the  minimum.  The  sand  should  be  free  from  loam,  clay, 
vegetable  and  organic  matter,  and  should  grade  from  coarse  to 
fine.  The  cement  should  be  of  a  quality  to  meet  the  standard 
tests.  The  water  should  be  clean  and  free  from  organic  matter, 
alkalies,  and  acids.  Rapid  drying  of  the  concrete  should  be  pre- 
vented by  covering  it  with  a  canvas  which  is  kept  moistened  with 
water  for  several  hours;  after  its  removal  the  surface  should  be 
covered  with  sand  or  earth  which  is  to  be  kept  moist  for  a  period 
of  two  weeks.  Improperly  mixed  or  constructed  concrete  pave- 
ment will  wear  unevenly,  crack,  and  rapidly  become  very  defective. 

Expansion  Joints.  To  provide  for  the  expansion  and  con- 
traction of  the  concrete  under  changes  of  temperature,  expansion 
joints  are  formed  at  intervals  ranging  from  15  to  50  feet.  The 
edges  of  the  joints  are  protected  from  injury  by  angle  irons,  and 
the  space  between  them,  about  \  inch,  is  filled  \\ith  a  bituminous 
cement  which  extends  the  full  depth  of  the  concrete.  When  the 
concrete  is  laid  between  curbs  longitudinal  joints  from  ^  inch  to 
1£  inches  wide,  filled  with  bituminous  cement,  are  formed  along 
the  curb. 

Reinforced-Concrete  Pavement.  Concrete  pavements  rein- 
forced with  steel  in  the  form  of  woven-wire,  Fig.  70,  expanded  metal, 
and  round  bars  are  constructed  in  two  courses,  the  reinforcement 
being  placed  between  the  foundation  course  and  the  \\earing  Mirface 

Concrete  with  Bituminous  Surface.  In  tins  t\pe  the  surface 
of  the  concrete  pavement,  constructed  l>y  either  the  grouting  or 
mixing  method,  is  covered  with  a  bituminous  cement  made  from 
either  asphalt,  coal  tar,  or  a  mixture  of  both. 

Block  or  Cube  Pavement.  In  this  t\peof  |>a\cmcnt,  blorU 
or  cubes  of  concrete  are  molded  in  a  machine  or  cast  in  nmliK. 
The  blocks  are  stacked  and  allowed  to  season.  For  three  month^, 
during  which  time  they  are  wet  twice  a  da  \ .  The\  arc  laid  h\ 
hand  on  a  sand  cushion  spread  upon  the  foundation,  then  arc  brought 
to  a  firm  bearing  and  uniform  surface  by  rolling  \\ith  a  light  roller. 
The  surface  is  covered  with  a  Ia\cr  of  sand  or  samlx  loam  \\hich 
is  broomed  and  flushed  by  water  into  the  joints  and  the  rolling  is 
repeated;  after  which  the  surface  is  co\ered  \\ith  a  la\cr  of  sand, 
and  the  traffic  then  admitted. 
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A  variation  from  the  methods  described  is  made  in  the  patented 
pavement  "rocmac".  This  is  composed  of  broken  stone  cemented 
by  silicate  of  lime,  obtained  by  mixing  powdered  carbonate  of  lime 
with  a  solution  of  silicate  of  soda  and  sugar.  The  silicate  of  lime 
mortar  is  spread  upon  the  foundation  to  a  depth  of  about  2  inches, 
over  which  the  broken  stone  is  distributed  to  such  a  depth  as  will 
give,  when  compacted,  a  depth  of  about  4  inches.  It  is  rolled  and 
sprinkled  with  water  until  the  mortar  flushes  to  the  surface,  and 


Fig.  70.     Liiymg  ]{•  ii.f-  r...  I  C.. hereto  Road      Woven  Wire  Fabric  in  Foreground  Ready 

•  •  II-    I'lnr-  -I  between  Upper  and  Lower  Coat 
Courtesy  of  M uniciyal  tinyincenng  and  Contracting  Company,  Chicago 

then  is  covered  with  a  layer  of  stone  screenings  and  finally  opened 
to  traffic. 


MAINTENANCE  AND  IMPROVEMENT  OF  ROADS 

Repair  and  Maintenance  of  Broken=Stone  Roads.  These 
terms  frequently  but  erroneously  are  used  interchangeably.  Ivepair 
means  the  restoring  of  a  surface  so  badly  worn  that  it  cannot  he 
maintained  in  good  condition.  A  ^ell-maintained  road  should  not 
require  repairs  for  u  considerable  length  of  time.  The  maintenance 
of  a  road  is  the  keeping  of  it,  as  nearly  as  practicable,  in  the  same 
condition  as  it  was  when  constructed. 

Good    maintenance    comprises:    (1)    constant   daily   attention 
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remove  the  detritus  caused  by  wear,  the  horse  droppings,  -and 
other  refuse;  and  (3)  application  of  water  or  other  dust  layer. 

When  the  surface  of  a  water-bound  broken-stone  road  requires 
to  be  renewed,  it  is  loosened  and  broken  up  by  scarifying,  the  new 
stone  spread,  rolled,  watered,  and  bound  in  the  same  manner  as  in 
new  construction;  or  the  old  surface  is  cleansed  from  dust  and 
other  matter  by  sweeping  and  washing,  and  the  new  stone  spread 
upon  it,  compacted  and  finished  as  in  new  construction. 

The  resurfacing  of  water-bound  roads  with  a  bituminous  con- 
struction is  becoming  common.  The  methods  employed  are  the 
stale  as  heretofore  described  under  "bituminous  macadam". 

Systems  of  Maintenance.    Several  systems  for  maintaining 
roads  are  in  use,  .the  one  yielding  the  best  results  being  that  which 
^  provides  for  the  continuous  employment  of  skilled  workmen.    The 

men  so  employed  become  familiar  with  the  peculiarities  of  the 
sections  in  their  charge  and  with  the  best  way  to  deal  with  them. 
Efficient  maintenance  requires  that  the  surfaces  be  kept  smooth 
so  that  surface  water  may  flow  away  rapidly  and  that  the  injury 
caused  by  traffic  on  uneven  surfaces  may  be  avoided;  that  incipient 
ruts,  hollows,  and  depressions  be  eliminated  by  cutting  out  the  area 
involved  in  the  form  of  a  square  or  rectangle  and  filling  with  new 
material;  that  dust  and  horse  droppings  he  removed;  that  loose 
stones  be  removed;  that  gutters  be  clear  so  the  rain  water  may  be 
removed  quickly;  that  ditches  and  culverts  be  cleaned  out  in  advance 
of  the  spring  and  fall  rains;  that  weeds  and  grass  be  removed  from 
the  earth  shoulders,  and  that  these  and  the  dust  sweepings  be  not 
left  on  the  sides  of  the  road  to  he  redistributed,  but  be  removed 
immediately  and  disposed  of  in  such  manner  as  uill  not  caiiM-  injury; 
that  bridges  be  examined  and  repaired  at  least  t  \\ice  a  vear. 

Improvement  of  Existing  Roads.  The  improvement  of  exiting 
roads  may  be  divided  into  three  branches:  (1)  rectification  of  align- 
ment; (2)  drainage;  (o)  improvement  of  the  siirfa<  e. 

The  first  of  these  consists  in  the  application  of  the  principles 
which  have  been  bud  down  for  the  location,  etc.,  of  new  roads  and 
will  include  straightening  the  course  by  eliminating  mmcce^arv 
curves  and  bends;  improving  the  grade  either  by  avoiding  or  cutting 
down  hills  and  by  embanking  valleys;  increasing  the  width  where 
necessary,  and  rendering  it  uniform  throughout. 
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The  second,  or  drainage,  consists  in  applying  the  principles  laid 
down  for  the  drainage  of  new  roads,  and  in  constructing  the  works 
necessary  to  give  them  effect. 

The  third,  or  improvement  of  the  surface,  consists  in  improving 
the  surface  by  any  of  the  methods  previously  described  and  that 
the  funds  available  will  permit. 

Value  of  Improvement.  The  improvement  of  roads  is  chiefly  an 
economical  question  relating  to  the  waste  of  effort  and  to  the  saving 
of  expenditure.  Good  roads  reduce  the  resistance  to  locomotion, 
and  this  means  reduction  of  the  effort  required  to  move  a  given  load. 
Any  effort  costs  something,  and  so  the  smallest  effort  costs  the  least, 
and  therefore  the  smoothest  road  saves  the  most  money  for  every- 
one who  traverses  it  with  a  vehicle. 

Cost  of  Improvement.  Before  undertaking  any  improvement 
generally  it  is  required  to  know  the  cost  of  the  proposed  improve- 
ment and  the  benefits  it  will  produce.  In  the  improvement  of  roads 
the  amount  of  money  that  may  be  expended  profitably  for  any 
proposed  improvement  may  be  calculated  with  sufficient  accuracy 
by  obtaining  first  the  following  data:  (1)  the  quantity  and  quality 
of  the  traffic  using  the  road;  (2)  the  cost  of  haulage;  (3)  plan  and 
profile  of  the  road;  and  (4)  character  and  cost  of  the  proposed 
improvements.  From  the  data  ascertain  the  total  annual  traffic  and 
the  total  annual  cost  of  hauling  it.  Next,  calculate  the  annual  cost 
of  hauling  the  given  tonnage  over  the  road  when  improved.  Then 
the  difference  between  the  two  costs  will  represent  the  annual  inter- 
est on  the  sum  that  may  be  expended  in  making  the  improvement. 
For  example,  if  the  annual  cost  of  haulage  over  the  existing  road  is 
$10, 000  and  the  cost  for  hauling  the  same  tonnage  over  the  improved 
road  \\ill  be  $7000,  the  did'erence,  $3000,  with  money  at  (i  per  cent 
per  annum,  represents  the  sum  of  $50,000  that  logically  may  be 
appropriated  to  carry  out  the  improvement. 

Traffic  Census.  The  direction,  character,  and  amount  of  traffic 
using  a  road  is  obtained  by  direct  observation  during  different 
seasons  of  the  year.  As  a  preliminary  to  observing  the  traffic  it  is 
usual  to  determine  the  weight  of  the  vehicles;  this  is  done  by  weigh- 
ing typical  vehicles  and  by  establishing  an  average  weight  for  each 
type.  The  traffic  is  classified  according  to  the  motive  power — as 

li/\*»L<rv_/-l  r>n  tir^     t'/tlt  i/'tl/m     *i>i/l     rvw\f/\T»    T*il-«ir»l*ntj          T?ar»li     r\f    -flicku^    /-«lci  uvj/^u    Itj 
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TABLE  XI 

Traffic  Census 

Average  Hours  per  Day ;  for Days 

Taken  at 
By 


t 

EMPTY  VEHICLES 

LOADED  VEHICLES 

Nov  to 
March 

Aug.  to 
Got. 

Nov.  to 
March 

Aug.  to 
Oct. 

f  Pleasure 

Horse                        (Light 
[  Commercial  |  Medium 
[Heavy 

(Motorcycles 
(  Pleasure  j  Runabouts 
[Touring  cars 
Motor  I 
1                       (Light 
ommcrcial  j  Medium 
1  Honvv 

divided  into  pleasure  and  commercial  traffic,  the  latter  class  being 
subdivided  into  loaded  and  non-loaded  vehicles.  The  number  of 
horses  to  a  vehicle  in  horse-drawn  traffic  and  the  speed  of  motor 
vehicles  may  be  noted.  A  summary  of  data  is  surest c<l  in  Table  XI. 

The  observations  are  made  from  (>  a.m.  toO  p.  m.,  during  a  period 
of  seven  days  each  month,  with  occasional  observations,  from  0  p.m. 
to  6  a.m.  or  for  the  entire  24  hours  if  the  amount  of  traffic  requires  it. 

The  weight  of  the  traffic  is  ascertained  by  multiplying  the 
number  of  each  kind  of  vehicle  by  the  average  \\eight  established 
for  that  type. 
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PART  II 


CITY  STREETS  AND  HIGHWAYS 

The  first  work  requiring  the  skill  of  the  engineer  is  the  laying 
out  of  town  sites  properly,  especially  with  reference  to  the  future 
requirements  of  a  large  city,  where  any  such  possibility  exists. 
Few  if  any  of  our  large  cities  were  so  planned.  The  same  principles, 
to  a  limited  extent,  are  applicable  to  all  towns  or  cities.  The  topog- 
raphy of  the  site  should  be  studied  carefully,  and  the  street  lines 
adapted  to  it.  These  lines  should  be  laid  out  systematically,  with  a 
view  to  convenience  and  comfort,  and  also  with  reference  to  econ- 
omy of  construction,  future  sanitary  improvements,  grades,  and 
drainage. 

Arrangement  of  City  Streets.  Generally,  the  best  method  of 
laying  out  streets  is  in  straight  lines,  with  frequent  and  regular  inter- 
secting streets,  especially  for  the  business  parts  of  a  city.  When 
there  is  some  centrally  located  structure,  such  as  a  courthouse,  city 
hall,  market,  or  other  prominent  building,  it  is  very  desirable  to  have 
several  diagonal  streets  leading  thereto.  In  the  residence  portions 
of  cities,  especially  if  on  hilly  ground,  curves  may  replace  straight 
lines  with  advantage,  by  affording  better  grades  at  less  cost  of  grad- 
ing, and  by  improving  property  through  avoiding  heavy  embank- 
ments or  cuttings. 

Width  of  Streets.  The  width  of  streets  should  be  proportioned 
to  the  character  of  the  traffic  that  will  use  them.  No  rule  can  be 
laid  down  by  \\hich  to  determine  the  best  width  of  streets;  but  it 
may  be  said  safely  that  a  street  which  is  likely  to  become  a  com- 
mercial thoroughfare  should  have  a  width  of  not  less  than  120  feet 
between  the  building  lines— the  carriage-way  (SO  feet  wide,  and  the 
sidewalks  each  20  feet  wide. 

Tn  etrnofc  r*r'mir\iorl  r»ntirolv  K\r  rp«uJnnppQ  n 
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as  great  as  desired.  The  sidewalks  may  be  any  amount  over  10  feet 
which  fancy  dictates.  Whatever  width  is  adopted  for  them,  not 
more  of  it  than  8  feet  need  be  paved,  the  remainder  being  occupied 
with  grass  and  trees. 

Street  Grades.  The  grades  of  city  streets  depend  upon  the 
topography  of  the  site.  The  necessity  of  avoiding  deep  cuttings  or 
high  embankments  which  seriously  would  affect  the  value  of  adjoin- 
ing property  for  building  purposes,  often  demands  steeper  grades 
than  are  permissible  on  country  roads-  Many  cities  have  paved 
streets  on  20  per  cent  grades.  In  establishing  grades  through  unim- 
proved property,  they  usually  may  be  laid  with  reference  to  securing 
the  most  desirable  percentage  within  a  proper  limit  of  cost.  But 

when  improvements  already 
have  been  made  and  have  been 
located  with  reference  to  the 
natural  surface  of  the  ground, 
the  matter  of  giving  a  desirable 
grade  without  injury  to  adjoin- 
ing property  frequently  is  one 
of  extreme  difficulty.  In  such 
cases  it  becomes  a  question  of 
how  far  individual  interests  shall 
be  sacrificed  to  the  general  good. 
There  are,  however,  certain  con- 
ditions which  it  is  important  to 
bear  in  mind :  ( 1  )  That  the 
longitudinal  crown  level  should  be  sustained  uniformly  from  street 
to  street  intersection,  whenever  practicable.  (2)  That  the  grade 
should  be  sufficient  to  drain  the  surface,  f'i)  That  thccro\\n  Ie\els 
at  all  intersections  should  be  extended  transverseh  ,  to  a\oid  forming 
a  depression  at  the  junction. 

A  TnnM  'i'i  •  /.v  ofdradrft  at  titrcct  ////mrr//o//,v.  The  best  arrange- 
ment for  intersections  of  streets  when  either  or  both  ha\c  much 
inclination  is  a  matter  which  requires  careful  consideration  and 
upon  which  much  diversity  of  opinion  exists.  No  hard  or  fast  rule 
can  be  laid  down;  each  will  require  special  adjustment.  The  best 
and  simplest  method  is  to  make  level  the  rectangular  space  aatuuttititi, 
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placing  gulleys  at  AAAA  and  the  catch  basins  at  ccc.  When  this 
method  is  not  practicable,  adopt  such  a  grade  (but  one  not  exceeding 
2|  per  cent)  that  the  rectangle  AAAA  shall  appear  to  be  nearly 
level;  but  to  secure  this  it  must  have  actually  a  considerable  dip  in 
the  direction  of  the  slope  of  the  street.  If  steep  grades  are  con- 
tinued across  intersections,  they  introduce  side  slopes  in  the  streets 
thus  crossed,  which  are  troublesome,  if  not  dangerous,  to  vehicles 
turning  the  corners,  especially  the  upper  ones.  Such  intersections 
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are  especially  ohjeetioiuible  in  ruiny  weather.  The  storm  water 
will  fall  to  the  lowest  point,  concentrating  a  large  quantity  of  water 
at  two  receiving  basins,  which,  with  a  broken  grade,  could  he  divided 
among  four  or  more  basins. 

Fig.  72  shows  the  arrangement  of  intersections  in  steep  grades 
adapted  for  the  streets  of  Dnluth,  Minnesota.  From  this  it  will  be 
seen  that  at  these  intersections  the  grades  are  flattened  to  o  per 
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intersecting  sidewalks.  Grades  of  less  amount  on  roadway  or  side- 
walk are  continuous.  The  elevation  of  block  corners  is  found  by 
adding  together  the  curb  elevations  at  the  faces  of  the  block  corners, 
and  2^  per  cent  of  the  sum  of  the  widths  of  the  two  sidewalks  at  the 
corner,  and  dividing  the  whole  by  two.  This  gives  an  elevation 
equal  to  the  average  elevation  of  the  curbs  at  the  corners,  plus  an 
average  rise  of  2J  per  cent  across  the  width  of  the  sidewalk. 

"Accommodation  summits"  have  to  be  introduced  between 
street  intersections  in  two  general  cases:  (1)  in  hilly  localities,  to 
avoid  excessive  excavation;  and  (2)  when  the  intersecting  streets 
are  level  or  nearly  so,  for  the  purpose  of  obtaining  the  fall  necessary 
for  surface  drainage. 

The  elevation  and  location  of  such  a  summit  may  be  calculated 
as  follows:  Let  A,  Fig.  73,  be  the  elevation  of  the  highest  corner; 


Fig.  73.    Diagrams  for  Calculating  "Accommodation  SUIMIIHK" 
Struct   InttThL-i  turns 


5,  the  elevation  of  the  lowest  corner;  />>,  the  distance  from  corner 
to  corner;  and  K,  the  rate  of  the  accommodation  ^nide.  The 
elevation  of  the  summit  is  equal  to 

+  n 


The  distance  from  A  or  li  is  found  by  subtracting  the-  cle\ation  of 
either  A  or  B  from  this  quotient,  and  dividing  the  result  by  the  rate 
of  grade.  Or  the  summit  may  be  located  mechanically  by  specially 
prepared  scales.  Prepare  two  scales  divided  to  correspond  to  the 
rate  of  grade;  that  is,  if  the  rate  of  grade  be  1  foot  per  100  feet,  then 
one  division  of  the  scale  should  eaual  100  feet  on  the  man  scale. 
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These  divisions  may  be  subdivided  into  tenths.  One  scale  should 
read  from  right  to  left,  and  one  from  left  to  right. 

To  use  the  scales,  place  them  on  the  map  so  that  their  figures 
correspond  with  the  corner  elevations;  then,  as  the  scales  read  in 
opposite  directions,  there  is  of  course  some  point  at  which  the  oppo- 
site readings  will  be  the  same.  This  point  is  the  location  of  the 
summit,  and  the  figures  read  off  the  scale  give  its  elevation.  If  the 
difference  in  elevation  of  the  corners  is  such  as  not  to  require  an 
intermediate  summit  for  drainage,  it  will  be  apparent  as  soon  as 
the  scales  are  placed  in  position. 

When  an  accommodation  summit  is  employed,  it  should  be 
formed  by  joining  the  two  straight  grade  lines  by  a  vertical  curve, 
as  described  in  Part  I.  The  curve  should  be  used  both  in  the  crown 
of  the  street  and  in  the  curb  and  footpath. 

Where  the  grade  is  level  between  intersections,  sufficient  fall  for 
surface  drainage  may  be  secured  without  the  aid  of  accommodation 
summits,  by  arranging  the  grades  as  shown  in  Fig.  74.  The  curb  is 

Curb Level 


^.~  —  —  ~~~  Bottom  of  Qvtter  -^  ^. 

Fig  74      Di.iRram  Showing  Arrangement  of  Grades  to  Avoid 
"Aci'ommodulioii  Summits" 

set  level  between  the  corners;  a  summit  is  formed  in  the  gutter;  and 
receiving  basins  are  placed  at  each  corner. 

Transverse  Grade.     In  its  transverse  grade  the  street  should  be 
level ;  that  is,  the  curbs  on  opposite  sides  should  be  at  the  same  level, 


Fijr  T.'i      Street  \\ith  Unequal  Transverse  Crude  but  \\itli  Level  Street 

and  the  street  crown  rise  equally  from  each  side  to  the  center.  But 
in  hillside  streets  this  condition  cannot  be  fulfilled  always,  and 
opposite  sides  of  the  street  may  differ  as  much  as  5  feet.  In  such 
cases  the  engineer  will  have  to  use  his  discretion  as  to  whether  he 
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the  whole  street  by  the  lower  gutter,  or  adopt  the  three-curb  method 
and  sod  the  slope  of  the  higher  side. 

In  the  improvement  of  old  streets  with  the  sides  at  different 
levels,  much  difficulty  will  be  met,  especially  where  shade  trees  have 


Fig.  76.    Street  with  Unequal  Transverse  Grade  Inclined  so  as  to  Drain  by  Lower  Gutter 

to  be  spared.  In  such  cases,  recognized  methods  have  to  be  aban- 
doned, and  the  engineer  will  have  to  adopt  methods  of  overcoming 
the  difficulties  in  accordance  with  the  conditions  and  necessities  of 
each  particular  case.  Figs.  75,  76,  and  77  illustrate  several  typical 


Fig  77.    Street  with  Unequal  Transverse  Grade  with  Three  Curbs  und  Higher  Slope  Sodded 

arrangements  in  the  cases  of  streets  where  the  opposite  sides  are  at 
different  levels. 

Transverse  Contour  or  Crown.  The  reason  for  cnmning  a 
pavement — i.e.,  making  the  center  higher  than  the  sides-is  to 
provide  for  the  rapid  drainage  of  the  surface.  The  most  suitable 
form  for  the  crown  is  the  parabolic  curve,  which  may  be  started  at 
the  curb  line,  or  at  the  edge  of  the  gutter  adjoining  the  carriagr-wa  \ , 


Fig  7S      Method  of  Obtaining  Tr;iiis\<-r.i>  f'liiiioiit  or  ( 'n>\\  n  «.f  H  |{.n.l 

about  one  foot  from  the  curb.  Fig.  7S  shows  this  form,  \\hich  is 
obtained  by  dividing  the  abscissa,  or  width  from  the  center  of  the 
street  to  the  gutter,  into  ten  equal  parts,  and  by  dropping  perpen- 
diculars at  each  of  these  divisions,  the  lengths  of  which  arc  deter- 
mined by  multiplying  the  rise  at  the  center  by  the  sciuare  of  the 
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TABLE  XII 

Rise  of  Pavement  Center  above  Gutter  for 
Different  Paving  Materials 


PAVING  MATERIAL 

PROPORTIONS  OF  KISE  AT 
CENTER  TO  WIDTH  OF 
CARRIAGE-WAY 

Wood  blocks 
Stone  blocks 
Brick 
Asphalt 

1  :  100 
1  :80 
1  :80 
1  :80 

successive  values  of  the  abscissas.  The  amounts  thus  obtained  can 
be  added  to  the  rod  readings;  and  the  stakes,  set  at  the  proper  dis- 
tance across  the  street,  with  their  tops  at  this  level,  will  give  the 
required  curve. 

The  amount  of  transverse  rise,  or  the  height  of  the  center  above 
the  gutters,  varies  with  the  different  paving  materials;  smooth  pave- 
ments requiring  the  least,  and  rough  ones  and  earth  the  greatest 
rise.  The  rise  is  generally  stated  in  a  proportion  of  the  width  of  the 
carriage-way.  The  most  suitable  proportions  are  shown  in  Table  XII. 

Drainage  of  Streets.  Sub-Foundation  Drainage.  The  sub- 
foundation  drainage  of  streets  cannot  be  effected  by  transverse 
drains,  because  of  their  liability  to  disturbance  by  the  introduction 
of  gas,  water,  and  other  pipes. 

Longitudinal  drains  must  be  depended  upon  entirely;  they  may 
be  constructed  of  the  same  materials  and  in  the  same  manner  as  road 
drains.  The  number  of  these  longitudinal  drains  must  depend  upon 
the  character  of  the  soil.  If  the  soil  is  moderately  retentive,  a  single 
row  of  tiles  or  a  hollow  invert  placed  under  the  sewer  in  the  center  of 
the  street  generally  will  be  sufficient;  or  two  rows  of  tiles  may  be 
employed,  one  placed  outside  each  curb  line.  If,  on  the  other  hand, 
the  soil  is  exceedingly  wet  and  the  street  very  wide,  four  or  more 
lines  may  be  employed.  These  drains  may  be  permitted  to  dis- 
charge into  the  sewers  of  the  transverse  streets. 

ft u rf arc  Drainage.  The  removal  of  water  falling  on  the  street 
surface  is  provided  for  by  collecting  it  in  the  gutters,  from  which  it  is 
discharged  into  the  sewers  or  other  channels  by  means  of  catch  basins 
placed  at  all  street  intersections  and  dips  in  the  street  grades. 

Thp  PMitterc;  must  he  of  sufficient  denth  to  retain  nil  thp 
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p&th.  The  depth  should  never  be  less  than  6  inches,  and  very 
rarely  need  be  more  than  10  inches. 

'  Catch  Basins.  Catch  basins  are  of  various  forms,  usually  circu- 
lar  or  rectangular,  built  of  brick  masonry  coated  with  a  plaster  of 
Portland  cement.  Whichever  form  is  adopted,  they  should  fulfill 
the  following  conditions: 

(1)  The  inlet  and  outlet  should  have  sufficient  capacity  to 
receive  and  discharge  all  water  reaching  the  basin. 

(2)  •  The  basins  should  have  sufficient  capacity  below  the  outlet 
to  retain  all  sand  and  road  detritus,  and  prevent  its  being  carried 
into  the  sewer. 

(3)  They  should  be  trapped  so  as  to  prevent  the  escape  of 
sewer  gas.    (This*  requirement  frequently  is  omitted,  to  the  detri- 
ment of  the  health  of  the  people.) 

(4)  They  should  be  constructed  so  that  the  pit  can  be  cleaned 
out  easily. 

(5)  The  inlet  should  be  constructed  so  as  not  to  be  choked 
easily  by  leaves  or  debris. 

(6)  They  must  offer  the  least  possible  obstruction  to  traffic. 

(7)  The  pipe  connecting  the  basin  to  the  sewer  should  be 
freed  easily  of  any  obstruction. 

The  bottoms  of  the  basins  should  be  6  or  8  feet  below  the  street 
level;  and  the  water  level  in  them  should  be  from  3  to  4  feet  lower 
than  the  street  surface,  as  a  protection  against  freezing. 

The  capacity  and  number  of  basins  will  depend  upon  the  area 
of  the  surface  which  they  drain. 

In  streets  having  level  or  light  longitudinal  grades,  gullies  may 
be  formed  along  the  line  of  the  gutter  at  such  intervals  as  may  be 
found  necessary. 

Catch  basins  usually  are  placed  at  the  curl)  line.  In  several 
cities,  the  basin  is  placed  in  the  center  of  the  street,  and  connects  to 
inlets  placed  at  the  curb  line.  This  reduces  the  cost  of  construction 
and  cleaning,  and  removes  from  the  sidewalk  the  dirty  operations  of 
cleaning  the  basins. 

Catch  basins  and  gully  pits  require  cleaning  out  at  frequent 
intervals;  otherwise  the  odor  arising  from  the  decomposing  matter 
contained  in  them  will  be  very  offensive.  No  rule  can  he  laid  down 
for  the  intervals  at  which  the  cleaning  should  be  done,  but  thev  must 
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be  cleaned  often  enough  to  prevent  the  matter  in  them  from  putre- 
fying. There  is  no  uniformity  of  practice  observed  by  cities  in  this 
matter;  in  some,  the  cleaning  is  done  but  once  a  year;  in  others,  after 
every  rain-storm;  in  still  others,  at  intervals  of  three  or  four  months; 
while  in  a  few  cities  the  basins  are  cleaned  out  once  a  month. 

FOUNDATIONS 

The  stability,  permanence,  and  maintenance  of  any  pavement 
depend  upon  its  foundation.  If  the  foundation  is  weak,  the  surface 
soon  will  settle  unequally,  forming  depressions  and  ruts.  With  a 
good  foundation,  the  condition  of  the  surface  will  depend  upon 
the  material  employed  for  the  pavement  and  upon  the  manner  of 
laying  it. 

The  essentials  necessary  to  the  forming  of  a  good  foundation  are: 

(1)  The  entire  removal  of  all  vegetable,  perishable,  and  yielding 
matter.    It  is  of  no  use  to  lay  good  material  on  a  bad  substratum. 

(2)  The  drainage  of  the  subsoil  wherever  necessary.    A  per- 
manent foundation  can  be  secured  only  by  keeping  the  subsoil  dry; 
for,  where  water  is  allowed  to  pass  into  and  through  it,  its  weak  spots 
will  be  discovered  quickly,  and  settlement  will  take  place. 

(3)  The  thorough  compacting  of  the  natural  soil  by  rolling  with 
a  roller  of  proper  weight  and  shape  until  there  is  formed  a  uniform 
and  unyielding  surface. 

(4)  The  placing  on  the  natural  soil  so  compacted  of  a  thickness 
of  an  impervious  and  incompressible  material  sufficient  to  cut  off  all 
communication  between  the  soil  and  the  bottom  of  the  pavement. 

The  character  of  the  natural  soil  over  which  the  roadway  is  to  be 
built  has  an  important  bearing  upon  the  kind  of  foundation  and  the 
manner  of  forming  it;  each  class  of  soil  will  require  its  o\vu  special 
treatment.  Whatever  its  character,  it  must  be  brought  to  a  dry  and 
tolerably  hard  condition  by  draining  and  rolling.  Sand  and  gravels 
which  do  not  hold  water,  present  no  difficulty  in  securing  a  solid  and 
secure  foundation;  clays  and  soils  retentive  of  water  are  the  most 
difficult,  ("lay  should  be  excavated  to  a  depth  of  at  least  8  inches 
below  the  bottom  of  the  finished  covering;  and  the  space  so  excavated 
should  be  filled  in  with  sand,  furnace  slag,  ashes,  coal  dust,  oyster 
shells,  broken  brick,  or  other  materials  which  are  not  absorbent  of 
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and  effectually  improved  by  laying  cross  drains  with  open  joints  at 
intervals  of  50  or  100  feet.  These  drains  should  be  not  less  than 
18  inches  below  the  surface,  and  the  trenches  should  be  filled  with 
gravel.  They  should  be  4  inches  in  internal  diameter,  and  should 
empty  into  longitudinal  drains. 

Sand  and  planks,  gravel  and  broken  stone  successively  have 
been  used  to  form  the  foundation  for  pavements;  but,  although  emi- 
nently useful  materials,  their  application  to  this  purpose  always  has 
been  a  failure.  Being  inherently  weak  and  possessing  no  cohesion, 
the  main  reliance  for  both  strength  and  wear  must  be  placed  upon 
the  surface  covering.  This  covering — usually  (except  in  case  of  sheet 
asphalt)  composed  of  small  units,  with  joints  between  them  varying 
from  ^  inch  to  1|  inches — posesses  no  elements  of  cohesion;  and 
under  the  blows  and  vibrations  of  traffic  the  independent  units  or 
blocks  will  settle  and  be  jarred  loose.  On  account  of  their  porous 
nature,  the  subsoil  quickly  becomes  saturated  with  urine  and  sur- 
face waters,  which  percolate  through  the  joints ;  winter  frosts  upheave 
them;  and  the  surface  of  the  street  becomes  blistered  and  broken  up 
in  dozens  of  places. 

Concrete.  As  a  foundation  for  all  classes  of  pavement  (broken 
stone  excepted),  hydraulic-cement  concrete  is  superior  to  any  other. 
When  properly  constituted  and  laid,  it  becomes  a  solid,  coherent  mass, 
capable  of  bearing  great  weight  without  crushing.  If  it  fail  at  all,  it 
must  fail  altogether.  The  concrete  foundation  is  the  most  costK , 
but  this  is  balanced  by  its  permanence  and  by  the  sa\  ing  in  the  cost 
of  repairs  to  the  pavement  which  it  supports.  It  admits  of  access  to 
subterranean  pipes  with  less  injury  to  the  neighboring  paxomcnt 
than  any  other,  for  the  concrete  may  be  broken  through  at  an\ 
point  without  unsettling  the  foundation  for  a  considerable  distance 
around  it,  as  is  the  case  with  sand  or  other  incoherent  material;  and 
when  the  concrete  is  replaced  and  set,  the  covering  may  he  reset  at 
its  proper  level,  without  the  uncertain  allowance  for  settlement 
which  is  necessary  in  other  cases. 

Thickness  of  Course.  The  thickness  of  the  concrete  bed  must 
be  proportioned  by  the  engineer;  it  should  be  snflicient  to  ]>ro\ide 
against  breaking  under  transverse  strain  caused  by  the  settlement  of 
the  subsoil.  On  a  well-drained  soil,  G  inches  \\ill  bo  found  sufficient; 
but  in  moist  and  clayey  soils,  12  inches  will  not  be  excessive.  On 
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such  soils  a  layer  of  sand  or  gravel,  spread  and  compacted  before 
placing  the  concrete,  will  be  found  very  beneficial. 

The  proportions  of  the  ingredients  required  for  the  manufacture 
of  concrete  are  ascertained  by  measuring  the  voids  in  each  ingredient. 
The  strongest  concrete  will  be  produced  when  the  volume  of  cement 
is  slightly  in  excess  of  that  required  to  fill  the  voids  in  the  sand,  and 
the  volume  of  the  combined  cement  and  sand  exceeds  by  about  10 
1  per  cent  the  volume  of  the  voids  in  the  stone  or  other  material  used 
for  the  aggregate.  Concrete  frequently  is  mixed  in  the  arbitrary 
proportions  of  1  part  of  cement,  3  parts  of  sand,  and  6  parts  of  stone, 
and  although  the  results  have  been  satisfactory,  the  proportions  may 
not  be  the  most  economical. 

The  ingredients  of  the  concrete  should  be  thoroughly  mixed 
with  just  sufficient  water  to  produce  a  plastic  mass,  without  any 
surplus  water  running  from  it.  After  mixing,  the  concrete  should 
be  deposited  quickly  in  place,  and  brought  to  a  uniform  surface  and 
thickness  by  raking,  then  tamped  until  the  mortar  flushes  to  the 
surface,  then  left  undisturbed  until  set.  The  surface  of  concrete 
laid  during  dry,  warm,  weather  should  be  protected  from  the  drying 
action  of  the  sun  while  the  initial  setting  is  in  progress.  This  may 
be  accomplished  by  sprinkling  with  water  as  frequently  as  the  rate 
of  evaporation  demands  or  by  covering  it  with  a  layer  of  damp 
sand,  straw,  hay,  or  canvas.  During  freezing  weather  it  is  customary 
to  suspend  the  laying  of  concrete  for  the  reason  that  alternate  freez- 
ing and  thawing  disintegrate  it. 

Measuring  1'oids  in  the  Ktone  and  Hand.  The  simplest  method 
for  measuring  the  voids  and  one  sufficiently  accurate  for  the  manu- 
facture of  concrete  is  the  "pouring  method"  in  which  a  suitable 
vessel  of  known  capacity  (usually  one  cubic  foot)  is  filled  with  the 
material,  in  which  it  is  desired  to  ascertain  the  voids.  Water  then 
is  poured  into  the  vessel  until  its  surface  is  flush  with  the  surface  of 
the  material.  The  water  is  measured,  and  its  amount  is  considered 
to  equal  the  total  of  the  voids. 

STONE=BLOCK  PAVEMENTS 

Stone  blocks  commonly  are  employed  for  pavements  where 
traffic  is  heavy.  The1  material  of  ^liich  the  blocks  are  made  should 
possess  sufficient  hardness  to  resist  the  abrasi\  e  action  of  traffic,  and 


124 


HIGHWAY  CONSTRUCTION 
TABLE  XIII 


Specific  Gravity,  Weight,  Resistance  to  Crushing,  and  Absorptive 
Power  of  Stones 


—  —  -- 

WEIGHT 

RESISTANCE 

PERf'EXTAOffi 

SPECIFIC 
GRAVITY 

(Ib.  per 
cu.  ft.) 

TO  CRUSHING 
(Ib  per  sq.  in.) 

OF  WATER 
ABSORBED 

MATERIAL 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Granite 

2.60 

2.80 

163 

176 

12,000 

35,000 

0.066 

0.155 

Trap 

2.86 

3.03 

178 

189 

19,000 

24,000 

0.000 

0.019 

Sandstone 

2.23 

2.75 

137 

170 

5,000 

18,000 

0.410 

5.480 

Limestone 

1.90 

2.75 

118 

175 

7,000 

20,000 

0.200 

5.000 

Brick,  paving 

1.95 

2.55 

10,000 

20,000 

sufficient  toughness  to  prevent  them  from  being  broken  by  the 
impact  of  loaded  wheels.  The  hardest  stones  will  not  give  neces- 
sarily the  best  results  in  the  pavement,  since  a  very  hard  stone 
usually  wears  smooth  and  becomes  slippery.  The  edges  of  the 
block  chip  off,  and  the  upper  face  becomes  rounded,  thus  making  the 
it  very  rough. 

i  stone  sometimes  is  tested  to  determine  its  strength,  resist- 
ance LU  abrasion,  etc.;  but,  as  the  conditions  of  use  are  quite  different 
from  those  under  which  it  may  be  tested,  such  tests  are  seldom 
satisfactory.  However,  examination  of  a  stone  as  to  its  structure, 
the  closeness  of  its  grain,  its  homogeneity,  porosity,  etc.,  may  assist 
in  forming  an  idea  of  its  value  for  use  in  a  pavement.  A  low  degree* 
of  permeability  usually  indicates  that  the  material  uill  not  l>c 
greatly  affected  by  frost.  For  data  see  Table  XIII. 

Materials.  Granite.  Granite  is  employed  more  extensively  for 
stone-block  paving  than  is  any  other  variety  of  stone;  and  because 
of  this  fact,  the  term  "granite  paving11  is  generalK  iisnl  as  hring 
synonymous  with  stone-block  paving.  The  granite  employed  should 
be  of  a  tough,  homogeneous  nature.  The  hard,  quart/  granites 
usually  are  brittle,  and  do  not  wear  \\ell  under  the  l>lm\.s  of  horses' 
feet  or  the  impact  of  vehicles;  granite  containing  a  high  percentage 
of  feldspar  will  be  injuriously  affected  by  atmospheric  change's;  and 
granite  in  which  mica  predominates  will  wear  rapidly  on  account 
of  its  laminated  structure.  Granite  possesses  the  very  important 
property  of  splitting  in  three  planes  at  right  angles  to  one  another, 
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so  that  paving  blocks  may  readily  be  formed  with  nearly  plane  faces 
and  square  corners.  This  property  is  called  the  rift  or  cleavage. 

Sandstones.  Sandstones  of  a  close-grained,  compact  nature 
often  give  very  satisfactory  results  under  heavy  traffic.  They  are 
less  hard  than  granite,  and  wear  more  rapidly,  but  do  not  become 
smooth  and  slippery.  Sandstones  are  generally  known  in  the 
market  by  the  name  of  the  quarry  or  place  where  produced  as 
"Medina",  "Berea",  etc. 

Trap  Rock.  Trap  rock,  while  answering  well  the  requirements 
as  to  durability  and  resistance  to  wear,  is  objectionable  on  account 
of  its  tendency  to  wear  smooth  and  become  slippery;  it  is  also  diffi- 
cult to  break  into  regular  shapes. 

Limestone.  Limestone  usually  has  not  been  successfully  em- 
ployed in  the  construction  of  block  pavements,  on  account  of  its 
lack  of  durability  against  atmospheric  influences.  The  action  of 
frost  commonly  splits  the  blocks;  and  traffic  shivers  them,  owing 
to  the  lamination  being  vertical. 

Cobblestone  Pavement.  Cobblestones  bedded  in  sand  possess 
the  merit  of  cheapness,  and  afford  an  excellent  foothold  for  horses; 
but  the  roughness  of  such  pavements  requires  the  expenditure  of  a 
large  amount  of  tractive  energy  to  move  a  load  over  them.  Aside 
from  this,  cobblestones  are  entirely  wanting  in  the  essential  requisites 
of  a  good  pavement.  The  stones  being  of  irregular  size,  it  is  almost 
impossible  to  form  a  bond  or  to  hold  them  in  place.  Under  the 
action  of  the  traffic  and  frost,  the  roadway  soon  becomes  a  mass  of 
loose  stones.  Moreover,  cobblestone  pavements  are  difficult  to 
keep  clean,  and  very  unpleasant  to  travel  over. 

Belgian=Block  Pavement.  Cobblestones  were  displaced  by 
paxcmenls  formed  of  small  cubical  blocks  of  stone.  This  type  of 
pavement  was  laid  first  in  Brussels,  thence  imported  to  Paris,  and 
from  there  taken  to  the  Tinted  States,  where,  it  has  been  widely 
kno\\n  as  the  "Belgian-block"  pavement.  It  has  been.  largely  used 
in  New  York  City,  Brooklyn,  and  neighboring  towns,  the  material 
being  trap  rock  obtained  from  the  Palisades  on  the  Hudson  Ui\er. 

The  stones,  being  of  regular  shape,  remain  in  place  better  than 
cobblestones;  but  the  cubical  form  (usually  5  inches  in  each  dimen- 
sion) is  a  mistake.  The  foothold  is  bad;  the  stones  wear  round;  and 
the  number  of  joints  is  so  great  that  ruts  and  hollows  are  quickly 
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formed.  This  pavement  offers  less  resistance  to  traction  than  cobble- 
stones,  but  it  is  almost  equally  rough  and  noisy. 

Granite-Block  Pavement.  The  Belgian  block  gradually  has 
been  displaced  by  the  introduction  of  rectangular  blocks  of  granite. 
Blocks  of  comparatively  large  dimensions  were  employed  at  first. 
They  were  from  6  to  8  inches  in  width  on  the  surface,  from  10  to  20 
inches  in  length,  with  a  depth  of  9  inches.  They  merely  were  placed 
in  rows  on  the  subsoil,  perfunctorily  rammed,  the  joints  filled  with 
sand,  and  the  street  thrown  open  to  traffic.  The  unequal  settlement 
of  the  blocks,  the  insufficiency  of  the  foothold,  and  the  difficulty  of 
cleansing  the  street,  led  to  the  gradual  development  of  the  latest 
type  of  stone-block  pavement,  which  consists  of  narrow,  rectangular 
blocks  of  granite,  properly  proportioned,  laid  on  an  unyielding  and 
impervious  foundation,  with  the  joints  between  the  blocks  filled 
with  an  impermeable  cement. 

Experience  has  proved  beyond  doubt  that  this  latter  type  of 
pavement  is  the  most  enduring  and  economical  for  roadways  sub- 
jected to  heavy  and  constant  traffic.  Its  advantages  are  many, 
while  its  defects  are  few. 

Advantages. 

(1)  Adapted  to  all  grades. 

(2)  Suits  all  classes  of  traffic. 

(3)  Exceedingly  durable. 

(4)  Foothold,  fair. 

(5)  Requires  but  little  repair. 

(6)  Yields  but  little  dust  or  mud. 

(7)  Facility  for  cleansing,  fair. 
Defects. 

(1)  Under  certain  conditions  of  the  atmosphere,  the  surface  of 
the  pavement  becomes  greasy  and  slippen . 

(2)  The  incessant  din  and  clatter  occasioned  1>\  the  mmrmrnt 
of  traffic  is  an  intolerable  nuisance;  it  is  claininl  hy  man\  ph\  siciaiis 
that  the  noise  injuriously  affects  the  ner\es  and  health  <»!'  persons 
who  are  obliged  to  live  or  do  bu.sine.ss  in  the   \icinit  \    of  streets 
so  paved. 

(3)  Horses  constantly  employed  upon  it  .soon  suffer  from  the 
continual  jarring  produced  in  their    legs  and    hoofs,   and  quickK 
wear  out. 
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(4)  The  discomfort  of  persons  riding  over  the  pavement  is  very 
great,  because  of  the  continual  jolting  to  which  they  are  subjected. 

(5)  If  stones  of  an  unsuitable  quality  are  used — for  example, 
those  that  polish — the  surface  quickly  becomes  slippery  and  exceed- 
ingly unsafe  for  travel. 

Blocks.  Size  and  Shape.  The  proper  size  of  blocks  for  paving 
purposes  has  been  a  subject  of  much  discussion,  and  a  great  variety 
of  forms  and  dimensions  are  to  be  found  in  all  cities. 

For  stability,  a  certain  proportion  must  exist  between  the  depth, 
the  length,  and  the  breadth.  The  depth  must  be  such  that  when  the 
wheel  of  a  loaded  vehicle  passes  over  one  edge  of  the  upper  surface 
of  a  block,  the  block  will  not  tend  to  tip  up.  The  resultant  direction 
of  the  pressure  of  the  load  and  adjoining  blocks  always  should  tend 
to  depress  the  whole  block  vertically;  where  this  does  not  happen,  the 
maintenance  of  a  uniform  surface  is  impossible.  To  fulfill  this  re- 
quirement, it  is  not  necessary  to  make  the  block  more  than  6  inches 
deep. 

Width.  The  maximum  width  of  blocks  is  controlled  by  the 
size  of  horses'  hoofs.  To  afford  good  foothold  to  horses  drawing 
heavy  loads,  it  is  necessary  that  the  width  of  each  block,  measured 
along  the  street,  shall  be  the  least  possible  consistent  with  stability. 
If  the  width  be  great,  a  horse  drawing  a  heavy  load,  attempting  to  find 
a  joint,  slips  back,  and  requires  an  exceptionally  wide  joint  to  pull 
him  up.  It  is  therefore  desirable  that  the  width  of  a  block  shall  not 
exceed  3  inches;  or  that  four  blocks/ taken  at  random  and  placed 
side  by  side,  shall  not  measure  more  than  14  inches. 

Length.  The  length,  measured  across  the  street,  must  be 
sufficient. to  break  joints  properly,  for  two  or  more  joints  in  line  lead 
to  the  formation  of  grooves.  For  this  purpose  the  length  of  the 
block  should  be  not  less  than  9  inches  nor  more  than  12  inches. 

Form.  The  blocks  should  be  well  squared,  and  must  not  taper 
in  any  direction;  sides  and  ends  should  be  free  from  irregular  pro- 
jections. Blocks  that  taper  from  the  surface  downwards  (wedge- 
shaped)  should  not  be  permitted  in  the  work;  but  if  any  are  allowed, 
they  should  be  set  with  the  widest  side  down. 

Manner  of  Laying  Blocks.  The  blocks  should  be  laid  in  parallel 
courses,  with  their  longest  side  at  right  angles  to  the  axis  of  the 


formed.    This  pavement  offers  less  resistance  to  traction  than  cobble- 
stones, but  it  is  almost  equally  rough  and  noisy. 

Granite-Block  Pavement  The  Belgian  block  gradually  has 
been  displaced  by  the  introduction  of  rectangular  blocks  of  granite. 
Blocks  of  comparatively  large  dimensions  were  employed  at  first. 
They  were  from  6  to  8  inches  in  width  on  the  surface,  from  10  to  20 
inches  in  length,  with  a  depth  of  9  inches.  They  merely  were  placed 
in  rows  on  the  subsoil,  perfunctorily  rammed,  the  joints  filled  with 
sand,  and  the  street  thrown  open  to  traffic.  The  unequal  settlement 
of  the  blocks,  the  insufficiency  of  the  foothold,  and  the  difficulty  of 
cleansing  the  street,  led  to  the  gradual  development  of  the  latest 
type  of  stone-block  pavement,  which  consists  of  narrow,  rectangular 
blocks  of  granite,  properly  proportioned,  laid  on  an  unyielding  and 
impervious  foundation,  with  the  joints  between  the  blocks  filled 
with  an  impermeable  cement. 

Experience  has  proved  beyond  doubt  that  this  latter  type  of 
pavement  is  the  most  enduring  and  economical  for  roadwin*  sub- 
jected to  heavy  and  constant  traffic.  Its  advantages  are  many, 
while  its  defects  are  few. 

Advantages. 

(1)  Adapted  to  all  grades. 

(2)  Suits  all  classes  of  traffic. 

(3)  Exceedingly  durable. 

(4)  Foothold,  fair. 

(5)  Requires  but  little  repair. 

(6)  Yields  but  little  diM  or  mud. 

(7)  Facility  for  cleans  njj,  fair. 
Defect.*. 

(1)  I  nder  certain  condition^  of  the  atino.phrn  .  tin-  Mjrl'.n  <•  <»f 
the  pavement  becomes  grea\\  and  slipper\ 

(2)  The  incessant  din  and  clatter  o<  <  a-iom  d  \t\  tin-  mu\  einent 
of  traffic  is  an  intolerable  nm^inrr;  it  inhumed  l»\  rn.ins  \>\\\    nun*, 
that  the  noise  injuriously  all'eeN  the  nene,  and  lualfh  .if  pi-mm-, 
who  are  obliged  to  Ii\c  or  do  IHMIH->  in   the   \i<mit\    <.t     trrcN 
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(3)  Horses  constantly  emplou-d  upon  it   MKHI  Miller  from  the 
continual  jarring  produced   in   their    le^  ami    hoof,,   and   Muiekh 
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(4)  The  discomfort  of  persons  riding  over  the  pavement  is  very 
great,  because  of  the  continual  jolting  to  which  they  are  subjected. 

(5)  If  stones  of  an  unsuitable  quality  are  used — for  example, 
those  that  polish — the  surface  quickly  becomes  slippery  and  exceed- 
ingly unsafe  for  travel. 

Blocks.  Size  and  Shape.  The  proper  size  of  blocks  for  paving 
purposes  has  been  a  subject  of  much  discussion,  and  a  great  variety 
of  forms  and  dimensions  are  to  be  found  in  all  cities. 

For  stability,  a  certain  proportion  must  exist  between  the  depth, 
the  length,  and  the  breadth.  The  depth  must  be  such  that  when  the 
wheel  of  a  loaded  vehicle  passes  over  one  edge  of  the  upper  surface 
of  a  block,  the  block  will  not  tend  to  tip  up.  The  resultant  direction 
of  the  pressure  of  the  load  and  adjoining  blocks  always  should  tend 
to  depress  the  whole  block  vertically;  where  this  does  not  happen,  the 
maintenance  of  a  uniform  surface  is  impossible.  To  fulfill  this  re- 
quirement, it  is  not  necessary  to  make  the  block'  more  than  6  inches 
deep. 

Width.  The  maximum  width  of  blocks  is  controlled  by  the 
size  of  horses'  hoofs.  To  afford  good  foothold  to  horses  drawing 
heavy  loads,  it  is  necessary  that  the  width  of  each  block,  measured 
along  the  street,  shall  be  the  least  possible  consistent  with  stability. 
If  the  width  be  great,  a  horse  drawing  a  heavy  load,  attempting  to  find 
a  joint,  slips  back,  and  requires  an  exceptionally  wide  joint  to  pull 
him  up.  It  is  therefore  desirable  that  the  width  of  a  block  shall  not 
exceed  3  inches;  or  that  four  blocks/ taken  at  random  and  placed 
side  by  side,  shall  not  measure  more  than  14  inches. 

Length.  The  length,  measured  across  the  street,  must  be 
sufficient  to  break  joints  properly,  for  two  or  more  joints  in  line  lead 
to  the  formation  of  grooves.  For  this  purpose  the  length  of  the 
block  should  be  not  less  than  9  inches  nor  more  than  12  inches. 

Form.  The  blocks  should  be  well  squared,  and  must  not  taper 
in  any  direction;  sides  and  ends  should  be  free  from  irregular  pro- 
jections. Blocks  that  taper  from  the  surface  downwards  (wedge- 
shaped)  should  not  be  permitted  in  the  work;  but  if  any  are  allowed, 
they  should  be  set  with  the  widest  side  down. 

Manner  of  Laying  Blocks.  The  blocks  should  be  laid  in  parallel 
courses,  with  their  longest  side  at  right  angles  to  the  axis  of  the 
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figs.  79  and  80.  The  reason  for  this  is  to  prevent  the  formation 
of  longitudinal  ruts,  which  would  happen  if  the  blocks  were  laid 
lengthwise.  Laying  blocks  obliquely  and  "herringbone"  fashion  has 

been    tried    in    several 


Fig.  79. 


Ji  . 


-,  i  of  Laying  Stone- 


the  wear  and  formation 
of  ruts  would  be  reduced 
by  having  the  vehicle 
cross  the  blocks  diago- 
nally. The  method  has 
failed  to  give  satisfactory 
results;  the  wear  was 
irregular  and  the  foothold  defective;  the  difficulty  of  construction 
was  increased  by  reason  of  labor  required  to  form  the  triangular 
joints;  and  the  method  was  wasteful  of  material. 

The  gutters  should 
be  formed  by  three  or 
more  courses  of  block, 
laid  with  their  length 
parallel  to  the  curb. 

At  junctions  or  inter- 
sections of  streets,  the 

Fig.  80.    Plan  of  Stone-Block  Pavement  Showing  Method      blocks       should      be     laid 
of  Laying  Blocks 

diagonally  from  the  cen- 
ter, as  shown  in  Fig.  81.  The  reasons  for  this  are:  (1)  to  prevent 
the  traffic  crossing  the  intersection  from  following  the  longitudinal 
joints  and  thus  forming  depressions  and  ruts;  (2)  laid  in  this  manner, 
the  blocks  afford  a  more  seeure  foothold  for  horses  turning  the 
corners.  The  ends  of  the  diagonal  bloeks  where  they  abut  against 
the  straight  blocks,  must  be  cut  to  the  required  bevel. 

The  blocks  forming  each  course  must  be  of  the  same  depth,  and 
no  deviation  greater  than  J  inch  should  be  permitted.  The  blocks 
should  be  assorted  as  they  are  delivered,  and  only  those  correspond- 
ing in  depth  and  width  should  be  used  in  the  same  course.  The 
better  method  would  be  to  gage  the  bloeks  at  the  quarry.  This 
would  lessen  the  cost  considerably;  it  would  avoid  also  the  incon- 
venience to  the  public  due  to  the  stopping  of  travel  because  of  the 
rejection  of  defective  material  on  flip  crrmm/1  Ti,;*  m^i,,^  ,,„,!„,, K* 
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edly  would  be  preferable  to  the  contractor,  who  would  be  saved 
expense  of  handling  unsatisfactory  material;  and  it  also  would  le 
the  inspectors  free  to  pay  more  attention  to  the  manner  in  which 
work  of  paving  is  performed. 

The  accurate  gaging  of  the  blocks  is  a  matter  of  much  imi 
tance.  If  good  work  is  to  be  executed,  the  blocks,  when  laid,  musl 
in  parallel  and  even  courses;  and  if  the  blocks  are  not  gaged  accural 
to  one  uniform  size,  the  result  will  be  a  badly  paved  street,  with 
courses  running  unevenly.  The  cost  of  assorting  blocks  into  lot 
uniform  width,  after  delivery  on  the  street,  is  far  in  excess  of  t 


Fig.  81.     Diagram  Showing  Method  of  Laving  Stono  Blocks  at 
Intersection  of  Streets 

additional  price  which  would  have  to  be  paid  for  accurate 
the  quarry. 

Foundation.  The  foundation  of  the  blocks  must  he  solid  a 
unyielding.  A  bed  of  hydraulic-cement  concrete  is  the  most  suital 
and  its  thickness  must  be  regulated  according  to  the  traffic;  t 
thickness,  however,  should  not  be  less  than  4  inches,  and  need  not 
more  than  9  inches.  A  thickness  of  (>  inches  will  sustain  traffic 
600  tons  per  foot  of  width. 

Cushion  Coat.    Between  the  surface  of  the  concrete  and  the  bi 
of  the  blocks,  there  must  be  placed  a  cushion  coat  formed  of 
incompressible  but  mobile  material,  the  particles  of  which  read 
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and  transfer  the  pressure  of  the  traffic  uniformly  to  the  concrete 
below.  A  layer  of  dry,  clean  sand  1  inch  to  2  inches  thick  forms  an 
excellent  cushion  coat.  Its  particles  must  be  of  such  fineness  as  to 
pass  through  a  No.  8  screen;  if  the  sand  is  coarse  and  contains  peb- 
bles, it  will  not  adapt  itself  to  the  irregularities  of  the  bases  of  the 
blocks;  hence  the  blocks  will  be  supported  at  a  few  points  only,  and 
unequal  settlement  will  take  place  when  the  pavement  is  subjected 
to  the  action  of  traffic.  The  sand  also  must  be  perfectly  free  from 
moisture,  and  artificial  heat  must  be  used  to  dry  it  if  necessary. 
This  requirement  is  an  absolute  necessity.  There  should  be  no 
moisture  below  the  blocks  when  laid;  nor  should  water  be  allowed 
to  penetrate  below  the  blocks;  if  such  happens,  the  effect  of  frost 
will  be  to  upheave  the  pavement  and  crack  the  concrete. 

Where  the  best  is  desired  without  regard  to  cost,  a  layer  of 
asphaltic  cement  $  inch  thick  may  be  substituted  for  the  sarni,  with 
superior  and  very  satisfactory  results. 

Laying  Blocks.  The  blocks  should  be  laid  stone  to  stone,  so  that 
the  joint  may  be  of  the  least  possible  width;  wide  joints  cause 
increased  wear  and  noise,  and  do  not  increase  the  foothold.  The 
courses  should  be  commenced  on  each  side  and  should  be  \\orkcd 
toward  the  middle;  and  the  last  stone  should  fit  tighth . 

Ramming.  After  the  blocks  have  been  set,  they  should  l»c  \\rll 
rammed  down;  and  the  stones  which  sink  below  the  general  Ie\el 
should  be  taken  up  and  replaced  with  a  deeper  stone  or  brought  t<» 
level  by  increasing  the  sand  bedding. 

The  practice  of  workmen  in\ariabl\  is  to  n-e  the  rammer  ^»  ,i 
to  secure  a,  fair  surface.  This  does  not  gi\c  the  result  intcnd«  d  io  )»< 
secured,  but  brings  each  block  to  an  un\  icldmg  bearing.  '1  he  n-  nit 
of  such  a  surfacing  process  is  to  produce  an  unsightly  and  une\<  n 
roadway  \\hen  the  pressure  of  traffic  is  brought  upon  it.  Tl,» 
rammer  used  should  \\eigh  not  lc^  than  ,")U  pounds  ;md  ha\r  ,i 
diameter  of  not  less  than  :i  inches. 

Fillings  for  Joints.  AH  stone-block  paxcnieiit  ^  depend  fur  thm 
waterproof  qualities  upon  the  character  of  the  joint  filling  .Inmt 
filled  \\ith  sand  and  gra\el  of  course  arc  pen  ioiis.  A  grout  of  lime 
or  cement  mortar  does  not  make  a  permanently  waterproof  joint  ,  it 
becomes  disintegrated  under  the  \ibration  of  traflic.  An  impc  ruons 
joint  can  be  made  onlv  bv  emnlov  in<r  n  fillimr  m.i J<>  fr«,f,,  »..t ,,»,,;,,.  ,, 
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or  asphaltic  material;  this  renders  the  pavement  more  impervious 
to  moisture,  makes  it  less  noisy,  and  adds  considerably  to  its 
strength. 

Bituminous  Cement  for  Joint  Filling.  The  bituminous  materials 
employed  are:  (1)  coal  tar  having  a  specific  gravity  between  1.23 
and  1.33  at  60  degrees  Fahrenheit,  a  melting  point  between  120  and 
130  degrees  Fahrenheit,  and  containing  not  over  30  per  cent  of  free 
carbon.  (2)  asphalt,  either  natural  or  artificial,  entirely  free  from 
coal  tar  or  any  product  of  coal-tar  distillation,  and  containing  not 
less  than  98  per  cent  of  pure  bitumen  soluble  in  carbon  bisulphide. 
Of  the  total  amount  soluble  in  carbon  bisulphide,  98.5  per  cent  must 
be  soluble  in  carbon  tetrachloride.  The  penetration,  when  tested 
by  the  Dow  method,  must  be  not  greater  than  110,  at  115  degrees 
Fahrenheit,  and  at  77  degrees  Fahrenheit  must  range  between  25 
and  GO.  The  specific  gravity  at  ()()  degrees  Fahrenheit  must  not  be 
more  than  1.00. 

The  mode  of  applying  the  coal-tar  filler  is  as  follows:  After  the 
blocks  are  laid,  gravel  heated  to  about  2f>0  decrees  Fahrenheit 
is  spread  over  the  surface  and  swept  into  the  joints  until  they  are 
filled  to  a  depth  of  about  2  inches.  The  blocks  then  are  rammed. 
The  coal-tar  filler  heated  to  a  temperature  betuecn  2.">0  and  ,'{00 
degrees  Fahrenheit  is  poured  into  the  joints  until  the\  are  about 
half  filled,  hot  gravel  is  s\\ept  in  until  it  reaches  to  vutliiu  \  inch 
of  the  surface,  and  hot  filler  is  then  poured  in  until  it  is  Hush  \\illi 
the  surface  of  the  hlo<  ks,  after  this  snllieient  hot  gravel  U  applied 
to  the  joints  to  rouccal  the  filler. 

In  apph  mg  t  hr  coal -tar  filler  it  ii  c^cntial  that  both  t  he  gravel 
and  filler  arc  h<  at«  d  Miliicient  Iv .  ( )ther\\  i  -e  the  111  lei  \\ill  he  <  lulled 
and  will  n«t  fl<>w  to  t  he  hot  ton  i  of  the  joint ,  hut  will  form  a  t  Inn  lav  ei 
near  the  .surface,  \\  Inch  under  the  a<  t  ion  of  frost  and  t  he  v  ihr.it  ion 
of  traflie,  will  he  cracked  and  hroken  up  qnicklv  ;  the  gravel  will 
settle,  and  the  blocks  will  he  jarred  loo^e,  can  ing  the  Mirl,i<e  of 
the  pavement  to  become  a  sciies  of  ridge-;  and  hollow^.  The  lillci 
should  not  be  applied  during  a  rainfall  or  \\hile  the  blinks  are  \\ct 
or  damp,  for  MH  h  a  condition  \\oiild  prevent  the  filler  fiom  adhering 
to  the  blocks.  The  asphalt  filler  i ,  heated  to  a  teui|)erat  nrr  between 

inn    MiiJ      1  M)    Jo.rr.M..     K-ilin.nliiMf      <in/l      ivMiin.J     inf<i     HIM     ininf^     imiil 
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Hydraulic-Cement  Filler  is  composed  of  equal  parts  of  Portland 
cement  and  sharp  sand  mixed  with  clean  fresh  water  to  a  suitable 
consistency.  The  joints  between  the  blocks  are  filled  to  a  depth 
of  2  inches  with  gravel,  and  the  blocks  are  rammed,  after  which 
the  filler  is  poured  into  the  joints  until  they  are  filled  flush  with  the 
surface  of  the  blocks.  In  dry  weather  the  blocks  should  be  mois- 
tened by  sprinkling  with  water  before  applying  the  filler.  After 
the  filler  has  taken  its  initial  set,  the  whole  surface  of  the  pavement 
is  covered  with  a  layer  of  sand  about  J  inch  thick  and  if  the  weather 
is  dry  and  warm  it  is  sprinkled  with  water  daily  for  three  days. 
Traffic  is  not  permitted  to  use  the  pavement  until  at  least  seven 
days  after  completion. 

Stone  Pavement  on  Steep  Grades.  Stone  blocks  may  be 
employed  on  all  practicable  grades,  but  on  grades  exceeding  10 

per  cent,  cobblestones 
a  fiord  a  better  foothold 
than  blocks.  The  cob- 
blestones should  be  of  uni- 
form length,  the  length 
being  at  least  t\\ice  the 
breadth  -a\  sinne^  ('» 
inches  long  and  L1 ',  mehe  , 

llill<1K  ' '    n  toil  inehe-.    in  <  li.iinrt  i  r. 

These  should  be  set  on  a  concrete  foundation,  laid  stone  t«»  tnne, 
and  the  interstices  filled  \\ith  cement  grout  or  hifunmiuiu  <  CIIH  nt , 
or  a  bituminous-concrete  foundation  mas  be  emplo\n|  and  the 

inter-t  iee^  !><  t  ue«  n  t  In 
>tone>  ma\  In  filled  \\  it  h 
,i  phaltir  p,i\  niLr  «  CUM  nr 

Hiollld  stone  Mm  L->  IM 
[•referred,  tlie\  mil  t  be 
laid,  when  the  gr.ide  e\- 
<  eed>  .">  per  <  i  III ,  \\  it  h  ,i 
serrated  url'a«  <  ,  b\  <  it  In  r 
of  t  lie  m<  t  hod  i  v  ho\\  n  in 
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tilting  the  blocks  on  their  bed  so  as  to  form  a  series  of  ledues  or 
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method  shown  in  Fig.  83  consists  in  placing  between  the  rows  of 
stones  a  course  of  slate,  or  strips  of  creosoted  wood,  rather  less 
than  1  inch  in  thickness  and  about  1  inch  less  in  depth  than  the 
blocks;  or  the  blocks  may  be  spaced  about  1  inch  apart,  and  the 
joints  filled  with  a  grout  composed  of  gravel  and  cement.  The 
pebbles  of  the  gravel  should  vary  in  size  between  i  inch  and  £  inch. 

BRICK  PAVEMENTS 

A  brick  pavement  consists  of  vitrified  bricks  laid  on  a  suitable 
concrete  foundation,  Fig.  84. 

Qualifications  of  Brick.  The  qualities  essential  to  a  good 
paving  brick  are  the  same  as  for  any  other  paving  material,  viz, 
hardness,  toughness,  and  ability  to  resist  the  disintegrating  effects 


C  J/JT  '//  .•'/••'  /'/.•/•'/* .-iAi/ii- 

lip    M       ,s.  .  (i.,n  Minting  M.-thud  «.f  I.H 

of  \\jilrr  :ni(I  l'ro-.t.  rl'lirs««  (jiuilitics  nrc  ini|)jirl<id  1o  the  brick  hy 
;i  j)r()(<-»  of  jinucjihii^,  through  \\hicli  (lie  cl;i\  is  hmu^Iil  lo  the 
point  of  t'u  ion,  ;m<l  the  lient  then  ^rnduallN  reduced  until  the  kiln 
is  cold 

('nniiHinitmn.  'I'he  Fiuit<'n;d  fnun  \\hi<'h  is  in;ide  the  nuijorii y 
of  the  luick  il^ed  foi  p;i\in^  i^  i\  slude.  Sludes  nre  indlinited  el;i\  s 
uith  ;i  I;t iiiinal ci  1  .tincture  iiud  the  .'ippcnrance  of  .sL'ilc,  nnd  occur 
in  Mnililied  lx«l^.  The  ;i\er;i^e  coiiij)osit  ion  of  the  shales  that 
ha\r  pro\cd  ->,iti  factors  for  the  manufacture  of  pa\in^;  hriek  i,s 
sho\\  n  in  Tahle  \  I  \  . 

An  r\M-~i  of  siln-a  causes  hrit  1  leness;  or  an  e\<-<iss  of  alumina 
causes  ^hrinkiii^,  <  racking,  and  \sarj)in^.  Iron  renders  the  clay 
fusible  and  makes  the  hriek  more  homogeneous.  Lime  in  the  form 
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TABLE  XIV 

Average  Composition  of  Shales  for  Paving- 
Brick  Manufacture 


CONSTITUENTS 


(Non-Fluxing) 

Silica^ 

Alumina 

Water  and  loss  on  ignition 

Moisture 

(Fluxing) 

Sesquioxide  of  iron 
Lime 
Magnesia 
Alkalies 


Total 


P »0 PORTION  A I 

PART 
(per  writ) 


60.0 

22  0 

7  () 

2  0 


7  0 

1  0 

1  0 

4  t) 

UK)  0 


decrease  the  strength  of  the  brick;  at  a  high  temperature  it  is  changed 
into  caustic  lime,  which,  while  rendering  the  clay  more  fusihlr.  \\ill 
absorb  moisture  upon  exposure  to  the  weather  and  thus  cause  the 
brick  to  disintegrate.  Magnesia  exerts  but  little  influence  on  ;he 
character  of  the  brick.  The  alkalies  in  small  quantities  render 
the  clay  fusible. 

Color.    The  color  of  the  clay  is  of  no  praetieal   import  mire, 
it  is  due  to  the  presence  of  the  metallic  oxides  and  organic-  ^nl»-tanrr 
Iron  produces  bricks  \\hieh  are  cither  red,  \ello\\.  or  blur.  a<-<  ordmi: 
to  the  quantity  j)rc,scnt  and  the  degree  of  heat;  some  org.mir   ^ul»- 
stanccs  produce  u  blue,  hluNi-gra\ ,  or  bhiek  eolor. 

The  color  of  the  brirk  is  go\erned  partl\  b\  thr  <  nlur  <•}'  the 
clay,  by  the  temperature  of  burning,  b\  the  kind  ni'  tin  1  u  M|,  ,m<| 
by  the  sand  that  is  used  to  prr\rnt  the  hri<  k  I'mm  tn  Lnu:  t<>  i|,r 
dies  or  to  each  other  in  the  kiln. 

Miuiufnrturr.  In  the  niamifaeture  of  thr  brn  k,  thr  h.ilr  i- 
crushed  u.siialh  in  dr\  pa\\sand  thui  pa^rd  tlir«.iiLrh  ;i  l-m«  h  or 
an  S-mesh  screen.  Thr  screened  material  U  mi\«d  \\iih  \\.it.r  in 
a  pug  mill  to  the  required  n>iisistrnr\ .  Thr  fim-r  tbr  m.iti  n.d 
is  crushed  and  the  more  thoroughly  it  i^  uorkrd  or  timpind  in 
the  mill,  the  more  uniform  and  better  the  hrirk  in. 

Tlie  ]>lastic  clay,  in  the  "stifF-mud"  process,  as  it  lra\r-  thr  jmg 
mill  is  forced  bv  an  au^er  thronrh  ;i  die  uhirh  fi.rm^  ••  Imp  i,»'  ^tif> 
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clay  of  the  desired  dimensions,  and  this  is  cut  by  an  automatic  cutter 
into  bricks  of  the  size  required.  The  bricks  then,  in  some  factories, 
are  repressed  in  a  die,  during  which  the  edges  of  the  brick  are  rounded 
and  the  lugs,  grooves,  and  trade-mark  stamped  on  the  sides.  When 
repressing  is  not  practiced,  the  bar  of  clay  as  it  comes  from  the  pug 
mill  is  cut  by  wires,  the  brick  being  called  "wire-cut  lug"  brick. 

The  bricks,  made  by  either  method,  are  placed  in  a  heated 
chamber  to  dry,  this  requiring  from  18  to  60  hours  according  to  the 
clay,  temperature,  and  plant  arrangement.  When  dry  the  bricks 
are  stacked  in  the  kiln,  which  is  usually  of  the  down-draft  type  with 
furnaces  built  in  the  outer  walls.  The  bottom  of  the  kiln  is  perfo- 
rated to  allow  the  gases  to  pass  through  to  the  flues  placed  below  the 
floor  and  connected  to  the  chimney.  The  heat  from  the  furnace 
passes  upward  into  the  kiln,  then  downward  through  the  bricks 
into  the  flues  and  thence  to  the  chimney.  At  the  beginning  of  the 
burning  the  heat  is  applied  slowly  to  drive  off  the  contained  water 
without  cracking  the  bricks.  When  the  clryness  of  the  smoke 
indicates  the  absence  of  moisture  in  the  bricks,  the  fires  are  gradually 
increased  until  the  temperature  throughout  the  kiln  is  from  1  ,">()() 
to  12000  degrees  Fahrenheit,  this  temperature  being  maintained  from 
sex  en  to  ten  days.  The  kiln  then  is  closed,  the  fires  are  drawn,  and 
the  bricks  are  alloxxed  to  cool.  'This  part  of  the  process  is  called 
annealing,  and  to  produce  a  tough  brick  requires  from  seven  to  ten 
da x  s.  The  cooled  bricks  arc  sorted  into  dill'crcnt.  lots;  the  No.  I 
pax  ing  bricks  are  generally  found  in  the  upper  laxers  in  the  kiln. 

/S'r.f.v.  Tx\o  sixes  of  bricks  are  made:  one  si/e  measuring  S\X 
U',  -  1  inches  xxeighing  about  7  pounds  and  requiring  .r>S  to  the  square 
xard.  The  other,  measuring  XI  Xol  X  1  inches  and  frequently  called 
"Nocks",  xxe'mhs  about  O1,  pounds  and  requires  1T>  to  the  square 
x  ard. 

( 'Imntrti  n.v//r.v.  The  characteristics  of  brick  suitable  for  pax  ing 
arc  not  to  be  acted  upon  bx  acids  shale  bricks  not  to  absorb  more 
t  ban  L!  per  rent  nor  lc>s  than  I  of  1  per  cent  of  t  heir  \\eighl  of  \\ater, 
and  clax  bricks  not  to  absorb  more  than  (\  per  cent  of  their  xxeight 
of  xxater  (the  absorption  bx  a  shale  brick  of  less  than  \  of  1  per  cent 
of  its  xxeight  of  xxater,  indicates  that  it  has  been  overbiirned);  xvhen 

liriiLfii  uitli  «i   li'iMiftif»r    in  Oimv  n  rli>iisr»  rlf  isc.irrni  npil  *d  rni-f  lire    free 
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spall,  or  chip,  when  quickly  struck  on  the  edges;  hard  but  not 
brittle. 

Tests  for  Paving  Brick.  To  ascertain  if  brick  possesses  the 
required  qualities  they  are  subjected  to  three  tests:  (1)  abrasion 
by  impact  (commonly  called  the  "rattler"  test);  (2)  absorption; 
(3)  cross  breaking. 

The  Rattler  Test.  The  rattler  is  a  steel  barrel  28  inches  long  and 
28  inches  in  diameter,  the  sides  formed  of  14  staves  fastened  to  two 
cast-iron  heads  furnished  with  trunnions  which  rest  in  a  cast-iron 
frame.  It  is  provided  with  gears  and  a  belt  pulley  arranged  to 
revolve  at  a  rate  of  from  29 J  to  30 J  revolutions  per  minute.  The 
material  employed  to  abrade  the  brick  is  spherical  balls  of  cast  iron, 
the  composition  of  which  is:  combined  carbon,  not  less  than  2..">0  JXT 
cent;  graphitic  carbon,  not  more  than  0.10  per  cent;  silicon,  not  more 
than  1  per  cent;  manganese,  not  more  than  ().,*)()  JHT  cent;  phos- 
phorus, not  more  than  0.2,5  per  cent;  sulphur,  not  more  than  O.OS 
per  cent.  Two  sizes  of  balls  or  shot  are  used,  the  larger  bring  .'i.To 
inches  in  diameter  when  new  and  weighing  about  7}  pounds,  the 
smaller  being  1.875  inches  in  diameter  and  weighing  0.!).">  pounds. 
A  charge  consists  of  ten  large  shot  \\ith  enough  small  shot  to  make 
a  \\eight  of  300  pounds.  The  shot  is  u*rd  until  the  lar^e  -i/r  i  ^  \\orn 
to  a  weight  of  7  pounds  and  the  .small  shot  is  \\orn  to  ;i  >i/e  that  \\ill 
pass  through  a  circular  hole  1J  inches,  in  diameter  m.nle  in  a  <a>t- 
iron  plate  J-incli  thick. 

The  brick  to  he  tested  are  subjected  to  a  tempei.it  iirr  <>f  111!) 
degrees  Fahrenheit  for  three  hour^.  Ten  br'nk-,  air  \ui-lnd  ami 
plated  in  the  rattler  uith  a  charge  of  >»pheri<  al  .shut .  ami  t  hr  \t\\  \\{  r 
is  revoked  for  ISIIO  re\olutions.  The  l>ri<  k-,  tin  n  are  t,d  «  n  nut, 
]>ieces  less  than  1  pound  in  \\cight  are  renm^d  and  the  kd,ni<e 
\\eighed.  From  the  \\eights_  before  and  at'trr  raiilniL:  the  j.«  n  till- 
age of  loss  is  calculated.  The  lo^  ran^e-.  t'mm  Mi  pi  Mint  t«»  in  pi  r 
cent.  ]Jri(  kto  he  I:M  d  under  hea\  y  traffic  dmuld  imt  In  <  mm  e  than 
2-  per  (cut,  ai  d  for  light  trall'.c  not  nmie  than  L's  j  i  r  M  nt. 

AhttntptloH  7V.v/.  'I  hr  aliMirption  te^t  i^  m.iile  nn  ii\r  l.riik, 
that  Iiave  Ixen  through  the  rattler  tt>t.  rrhe\  are  \M  i-lml.  and 
are  immersed  in  water  for  -Is  hours,  then  are  taken  out  and  \\<  i-hcd, 
\\ith  the  sur])lus  water  \\iped  oil'.  Fn.m  the  \\ngliNln  fnrr  and  after 
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Cross-Breaking  Test.  This  test  is  made  by  placing  a  brick  edge 
on  supports  6  inches  apart.  The  load  is  applied  at  the  center  of 
the  brick,  and  is  increased  uniformly  until  fracture  occurs.  The 
average  of  the  result  on  ten  bricks  is  used  iji  computing  the  modulus 

QpTr7" 

of  rupture,  7?=  oTjiS  in  which  W  is  the  average  breaking  load  in 


pounds,  L  the  length  between  supports  in  inches,  b  the  breadth, 
and  d  the  depth  in  inches. 

Brick-Pavement  Qualifications.  Advantages.  The  advantages 
of  brick  pavement  may  be  stated  as  follows: 

(1)  Easy  traction. 

(2)  Good  foothold  for  horses. 

(3)  Not  disagreeably  noisy. 

(4)  Yields  but  little  dust  and  mud. 

(5)  Adapted  to  all  grades. 
(G)     Easily  repaired. 

(7)  Easily  cleaned. 

(8)  But  slightly  absorbent. 
(!))     Pleasing  to  the  eye. 

(10)     Kxpeditiously  laid. 

(1  1)     Purable  under  moderate  traffic. 

l)t'ft'ctff.  The  principal  defects  of  brick  pavements  ari.se  from 
lack  of  uniformity  in  the  quality  of  the  bricks,  and  from  the  liability 
of  incorporating  in  the  paxenicnt  bricks  too  soft  or  too  porous  a 
structure,  \\liieh  crumbles  under  the  action  of  trallic  or  frost. 

Foundation.  A  brick  paxcincnt  should  ha\ea  firm  foundation. 
As  the  surface  is  made  up  of  small,  independent  blocks,  each  one 
must  be  supported  adequately  ,  or  the  load  coming  upon  it  max  force 
it  do\\  n\\  ards  and  cause  unc\  cnncss,  a  condition  \\liich  (ondiiees 
to  the  rapid  destruction  of  the  pa\ement.  Sex  era!  forms  of  founda- 
tion ha\c  been  u  e,l  such  as  graxel,  plank,  .sand,  broken  stone, 
and  concrete.  The  la>t  mentioned  is  the  best. 

Sand  Cushion.  The  sand  cushion  is  a  laxer  of  sand  placed 
on  top  of  the  concrete  to  form  a  bed  for  the  brick.  Practice  regard- 
ing the  depth  of  this  laxer  of  sand  \arics  considerably.  In  .some 
ca.ses  it  is  only  A  inch  deep,  van  ing  from  this  up  to  '.\  inches.  The 
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pavement  less  hard  and  rigid  than  would  be  the  case  were  the  brick 
laid  directly  on  the  concrete. 

The  sand  is  spread  evenly,  sprinkled  with  water,  smoothed, 
and  brought  to  the  proper  contour  by  screeds  or  wooden  templets, 
properly  trussed  and  mounted  on  wheels  or  shoes  which  bear  upon 
the  upper  surface  of  the  curb.  Moving  the  templet  forward  levels 
and  forms  the  sand  to  a  uniform  surface  and  proper  shape* 

The  sand  used  for  the  cushion  coat  should  be  clean  and  free  from 
loam,  moderately  coarse,  and  free  from  pebbles  exceeding  J  inch 
in  size. 

Manner  of  Laying.  The  bricks  should  be  laid  on  edge  or  on 
one  flat,  as  closely  and  compactly  as  possible,  in  straight  courses 
across  the  street,  with  the  length  of  the  bricks  at  right  angles  to 
the  axis  of  the  street.  Joints  should  be  broken  by  at  least  .'1  inches. 
None  but  whole  bricks  should  be  used,  except  in  starting  u  course 
or  making  a  closure.  To  provide  for  the  expansion  of  the  pavement, 
both  longitudinal  and  transverse  expansion  joints  are  used,  the 
former  being  made  by  placing  a  hoard  templet  J-ineh  thick 
against  the  curb  and  abutting  the  brick  thereto.  The  trans\rrse 
joints  are  formed  at  intervals  varying  between  !?,">  and  ."0  !Vrt,  b\ 
placing  a  templet  or  building  lath  g-inch  thick  between  tw«»  or  three 
rows  of  brick.  After  the  bricks  are  rammed  and  ready  for  grouting, 
these  templets  are  removed,  and  the  spaces  so  left  are  filled  \\ith 
coal-tar  pitch  or  asphaltic  pa\ing  cement.  The  amount  of  |.it<  h 
or  cement  required  will  \ary  between  1  and  1J  pound  *  p«r  -qu.ire 
yard  of  pavement,  depending  upon  the  width  of  the  joint  -..  \tt«  r 
2,")  or  HO  feet  of  the  pa  \ement  i.slaid,e\ery  part  of  it  ^hotild  h«  r.iiium  d 
with  a  rammer  weighing  not  le^s  than  ."D  pounds  and  the  bn«  L 
which  sink  hclow  the  general  le\el  should  he  renmu.l,  uil'n  )•  nt 
sand  being  added  to  raise  the  brick  to  the  required  h\«l  Alter 
all  objectionable  brick  ha\e  been  remmed,  the  Mirl.n  e  liquid  )><• 
s \\ept  clean,  then  rolled  with  a  steam  roller  weighing  fn»m  .',  to  (> 
tons.  The  object  of  rolling  i^  to  bring  the  l>n<  k>.  to  an  un;  n  Idin^r 
bearing  \\ith  a  jjlane  surface;  if  thi^  i^  not  dour,  the  JMM  mi  nt 
\\ill  be  rough  and  noi.sy  and  will  lack  durabihts.  The  rolling  Imuld 
be  executed  first  longitudinall\,  be^innin^  at  thecroun  and  uorLin^ 
toward  the  gutter,  taking  care  that  each  return  trip  of  the  roller 
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passage  may  neutralize  any  careening  of  the  brick  due  to  the  first 
passage. 

The  manner  of  laying  brick  at  street  intersections  is  shown  in 
Fig.  85. 

Joint  Fillings.  The  character  of  the  material  used  in  filling 
the  joints  between  the  brick  has  considerable  influence  on  the  success 


s  •       Mi  i  In  id  (if  I  us  my  Mm  K  <  nt  M  n  i  i   I  iii<  i  1  1  I 


.•UK  I  (lnral)ilil  \  of  the  pa\cinent.  Various  materials  ha\e  been 
u-.cd  -.nch  a^  sand,  coal-tar  pitch,  asphalt,  mixture^  of  coal  tar 
and  asphalt,  and  Portland  cement,  besides  xarioii^  patented  lillcrN, 
as  "MiM'plis  \  ^rnnt  ",  \\hich  is  made  from  ground  S!,M^  and  ceiiKMil. 
Ka<h  mafrrial  has  its  advocates,  and  there  is  much  dill'erencc  of 
opinion  as  to  \\liicli  ^i\rs  tlie  hest  results. 

The  hrst   results  seem  to  he  obtained  h\    u^in^  a  lu^rh  ^rade  o!' 
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composition;  the  presence  of  the  lime  increasing  the  tendency  of 
the  filler  to  swell  through  absorption  of  moisture,  causing  the  pave- 
ment to  rise  or  to  be  lifted  away  from  its  foundation,  and  thus 
producing  the  roaring  or  rumbling  noise  so  frequently  complained  of. 
The  Portland-cement  grout,  when  uniformly  mixed  and  care- 
fully placed,  resists  the  impact  of  traffic  and  wears  well  with  brick. 
When  a  failure  occurs,  repairs  can  be  made  quickly,  and,  if  made 
early,  the  pavement  will  be  restored  to  a  good  condition.  If,  how- 
ever, repairs  are  neglected,  the  brick  soon  loosen  and  the  pave- 
ment fails. 


M.     fJmut   Itox   I  -IM!  in   I  „.  i, 
('imrtfii  tif  A  iitiunnl  J'nnna  Hn,  I      l/.in-i'j.  f, 

The  office  of  a  filler  i.>  to  prevent  \s;,tcr  from  rein  Inn.-  1  hi  loiind.i- 
tion,  and  to  protect  the  edges  of  the  l.n<  k  i'miu  p.dhi.L'  und«  r 
traflie.  In  order  to  meet  hoth  of  then-  reijmrenn  nt  ,  »-.i\  joint 
must  he  filled  to  the  top,  and  imM  remain  >o,  \\«  .UIHL:  d«.v  n  uitli 
the  brick.  Sand  does  not  meet  the-e  n  (jnin  im  ni  -.  Mihon-h  at 
first  makingagood  filler,  being  iiie\pni-m-  ami  n-du.  in-  tin  h.ilnlit  \ 
of  the  pavement  to  l>e  noi^\,  it  MM.H  uadie.ont,  ILIMH-  ih.  ed-«  , 
of  the  brick  unprotected  and  eon^e<pieinl\  li.d.le  to  IK  iliipjml. 
Coal  tar  and  the  mixtures  of  co;d  tar  and  asphalt  ha\e  an  , id  \  .intake 
in  rendering  a  pavement  less  noisy  and  in  cement  in-  1 1.1:1  tin  r  an\ 
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but,  unless  made  very  hard,  they  have  the  disadvantage  of  becoming 
in  hot  weather  and  flowing  to  the  gutters  and  low  places  in 
ie  pavement,  there  forming  a  black  and  unsightly  scale  and  leaving 
the  high  parts  unprotected.  The  joints,  thus  deprived  of  their  filling, 
become  receptacles  for  water,  mud,  and  ice  in  turn;  and  the  edges 
of  the  brick  are  broken  down  quickly.  Some  of  these  mixtures 
become  so  brittle  in  winter  that  they  crack  and  fly  out  of  the  joints 
under  the  action  of  traffic. 

The  Portland-cement  filler  is  prepared  by  mixing  2  parts  of 
cement  and  1  part  of  fine  sand  with  sufficient  water  to  make  a  thin 
grout.  The  most  convenient  arrangement  for  preparing  and  dis- 
tributing the  grout  is  a  water-tight  wooden  box  carried  on  four 
wood  wheels  about  12  inches  in  diameter,  Fig.  86.  The  box 
may  be  about  4  feet  wide,  7  feet  long,  and  12  inches  deep,  furnished 
with  a  gate  about  8  inches  wide,  in  the  rear  end.  The  box  should 
be  mounted  on  the  wheels  with  an  inclination,  so  that  the  rear  end 
is  about  4  inches  lower  than  the  front  end. 

Following  arc  the  successive  operations  of  placing  the  filler: 
The  cement  and  sand  an*  placed  in  the  box,  and  sufficient  water  is 
added  to  make  a  thin  grout.  The  grouting  box  is  located  about 
12  feet  from  the  gutter,  the  end  gate  opened,  and  about  2  cubic 
feet  of  the  grout  allo\\cd  to  flow  out  and  run  over  the  top  of  the 
brick  (care  being  taken  to  stir  the  grout  while  it  is  bring  dis- 
charged),  Fig.  ST.  If  the  brick  are  \cry  dry,  the  entire  surface  of 
the  pa\einent  should  be\\ct  thoroughly  \\ith  a  hose  before  appl\  ing 
the  grout;  if  not,  absorption  of  the  \\atcr  from  the  grout  by  the 
bricks  \sill  prc\en<  adhesion  between  the  bricks  and  the  cement 
grout.  The  grout  iss\\ept  into  the  joints  b\  onlinan  bass  brooms. 
After  a  length  of  about  100  feet  of  the  pa\emen(  has  been  eo\  ered 
the  box  is  returned  to  the  .starting  point,  and  the  operation  is 
repented  \\ith  a  grout  somc\s  hat  thicker  than  1  lie  first.  If  t  his. second 
application  U  not  sufficient  to  fill  the  joints,  the  operation  is  repeated 
as  often  as  may  be  necessan  to  fill  them.  If  the  grout  has  been 
made  too  thin,  or  the  grade  of  the  street  is  so  great  that  the  grout 
\\ill  not  remain  long  enough  in  place  to  set,  dry  cement  may  be 
sprinkled  o\er  the  joints  and  s\\ept  in.  After  the  joints  are  filled 
riinmlrtrlv  jm<l  iiisDccted.  nllo\\iiur  three  or  four  hours  to  intervene. 
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of  about  J  inch,  and  the  roadway  barricaded,  and  no  traffic  allowed 
on  it  for  at  least  ten  days. 

The  object  of  covering  the  pavement  with  sand  is  to  prevent 
the  grout  from  drying  or  settling  too  rapidly;  hence,  in  dry  and 
windy  weather,  it  should  be  sprinkled  from  time  to  time.  If  coarse 
sand  is  employed  in  the  grout,  it  will  separate  from  the  cement 
during  the  operation  of  filling  the  joints,  with  the  result  that  many 
joints  will  be  filled  with  sand  and  very  little  cement,  while  others 
will  be  filled  with  cement  and  little  or  no  sand;  thus  there  will  be 


<  '<"il    I  in    Hi  iilnur  'I  unit 
,H/.M     I    ;i/..i/f  /'.MM,,;  t  ..iii 


inail\  spot-,  ill  the  pa\  rliirlit  ill  \\liirli  no  liond  i  ->  loimed  het  \\ceil 
the  l»rick>,  and  under  the  action  of  traflic  these  portions  quickh 
\\  ill  !»<•<  oine  defect  i\  r. 

Thr  coal-tar  iill<T  is  Ix^t  apjtlicd  \>\  pouring  the  material  from 
l>neket>,  and  hrooiinn^  it  into  the  joints  \\ith  \siie  hroonis,  and  in 
order  to  {ill  the  joints  HVeetnalls  ,  it  must.  I>r  lise«l  onl\  \\liru  \er\ 
hot.  rl\t  seeiin*  this  condition,  ji  heating  tank  on  \\heels  is  necessary, 
Fi^.  SX.  It  should  hau'Ji  rapacity  of  at  least  .r>  barrels,  and  he  kept 

idl  t\'.\\'       One   man   is  neeessar\    1o  t«ied 
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the  buckets  from  the  heating  tank  to  a  third,  who  pours  the  material 
over  the  street.  The  latter  starts  to  pour  in  the  center  of  the  street, 
working  backward  toward  the  curb,  and  pouring  a  strip  about  2  feet 
in  width,  A  fourth  man,  with  a  wire  broom,  follows  immediately 
after  him,  sweeping  the  surplus  material  toward  the  pourer  and  in 
the  direction  of  the  curb*  This  method  leaves  the  entire  surface 
of  the  pavement  covered  with  a  thin  coating  of  pitch,  which 
immediately  should  be  covered  with  a  light  coating  of  sand,  the 
sand  becoming  imbedded  in  the  pitch.  Under  the  action  of  traffic, 
this  thin  coating  is  worn  away  quickly,  leaving  the  surface  of  the 
bricks  clean  and  smooth,  Fig.  89, 

Tools  Used  by  Hand  in  the  Construction  of  Block  Pavements. 
The  principal  tools  required  in  constructing  block  pavements  com- 
prise hammers  and  rammers  of  varying  sizes  and  shapes,  depending 
on  the  material  and  .size  of  the  blocks  to  be  laid;  also  crowbars,  sand 
ftrrccnx,  and  rattan  and  wire  brooms.  Cobblestones,  square  blocks, 
and  brick  require  different  types  both  of  hammer  and  rammers 
lor  adjusting  them  to  place  and  for  forcing  them  to  their  seats. 
A  cobblestone  rammer,  for  example,  is  usually  made  of  wood  (gener- 
ally locust)  in  the  shape  of  a  long  truncated  cone,  handed  \vith 
iron  at  top  and  hot  torn,  weighing  about  -10  pounds,  and  having 
1\\o  handle-*,  one  at  the  top  and  another  on  one  side.  A  Belgian- 
hlork  rammer  is  .slightly  hea\ier,  consisting  of  an  upper  part  of 
\sood  set  in  a  steel  base;  \\hilc  a  rammer  for  granite  Mocks  is  still 
heavier,  comprising  an  iron  base  with  cast-steel  face,  into  which 
U  set  a  loni.t  plug  with  hickory  handles.  I'W  la\ing  brick,  a 
wuodcn  rammer  shod  with  cast  iron  or  steel  and  weighing  ahoiit  27 
pound  -»  i  ^  11  .I'd.  A  light  rammer  of  about  'JO  pound  -»  weight ,  consist- 
ing <>f  a  im  tallic  l>.i  *c  attached  to  a  long,  slim,  wooden  handle,  is 
u  ed  fur  mi  ^cellaneoii",  work,  such  a^  lamping  in  ticnches,  next  to 
cm  1)-,,  <  tc. 

Concrete  Mixing  Machine.  Where  large  quantities  of  concrete 
are  ivqiim  d,  ;i  ,  m  1  he  f  niiidat  ions  of  improx  ed  pa\  cmcnts,  eoneiete 
can  he  prepared  mure  expcdit  iou~l\  and  economically  by  the  use  of 
mechanical  mixer ^  and  t he  ingredient s  will  he  mixed  mure  t horoiighlx 
than  by  hand.  Thorough  incorporation  of  the  ingredients  is  an 
essential  clement  in  the  (inalitv  of  a,  concrete.  When  mixed  bv 
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depends  upon  the  proper  manipulation  of  the  hoe  and  shovel.  The 
manipulation,  although  extremely  simple,  is  rarely  performed  by 
the  ordinary  laborer  as  it  should  be  unless  he  is  watched  constantly 
by  the  overseer. 

Several  varieties  of  concrete-mixing  machines  are  in  the  market, 
all  of  which  are  efficient  and  6f  good  design.    A  convenient  {x>rtuble 


I  if   '"i      Sinuli  C,,ni  MI.    Mm  i  ..»,  1  in,  I  «,?»  i ,  ,  ,  i,,.,   i  ,  ,.,   . 
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type  is  illu.strated  in  Fi^.  !*().  The  f  apji,  it\  <1fi!t,  ,nn,  f  r,, ,,,»,., 
from  T)  to  20  cubic  \anls  per  hour,  dep<  ndin^  npi.u  1. 1  ,  n  /ul.ir n  \ 
\\ith  \\hicli  tlu^  materials  an1  supj)lie(l,  -peed,  etc 

Gravel  Heaters.  A  special  t\pe  <.{'  o\en  iiMiall\  i>  einj»!«,Md 
fnrlieatingthegra\el  used  for  joint  filling  in  .stdiii-blnf  k  p.j\i  mmis. 
rriie.se  lieaters  are  made  in  various  si/e-,,  a  coinnmn  -i/c  l»<  inj:  '.»  leet 
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WOOD-BLOCK  PAVEMENTS 

Wood-block  pavements,  Fig.  91,  are  formed  of  rectangular  blocks 
measuring  from  3J  to  4  inches  wide,  .5  to  10  inches  long,  and  4  inches 
deep,  impregnated  with  creosote,  or  other  preservative,  laid. in  a 
bed  of  Portland-cement  mortar  spread  upon  a  concrete  foundation, 
with  the  joints  between  the  blocks  filled  with  either  Portland-cement 
grout,  or  a  bituminous  filler. 

The  wood  used  is  obtained  from  the  long-leaved  yellow  pine 
(pinus  palustrus),  lob-lolly  pine  (pinus  taeda),  short-leaved  pine 
(pinus  echinata),  Cuba  pine  (pinus  heterophylla),  black  gum  (nyssa 
sylvatica),  red  gum  (liquidambar  styrraciflua),  Norway  pine  (pinus 
resinosa),  or  tamarack  (larix  laricina). 

The  wood  should  be  cut  from  sound  trees,  free  from  cracks, 
snakes,  and  knots. 

The  great  enemy  of 
wood  pavement  is  decay 
due  to  a  low  form  of 
plant  life  called  Fuii^i. 
The  funp  attack  the 
\\ood  from  the  outside, 
and  if  the  \\ood  is  in  the 
rijjht  condition  for  the 
spores  to  ^ro\\ ,  they  ulti- 
match  uill  penetrate  the  entire  structure  of  the  wood.  Then1 
are  three  classes  of  Funjji:  one  \\hich  attacks  all  parts  of  the 
\\ood  structure;  another  \\hicli  attacks  the  cellulose;  and  a  third, 
\\hich  is  the  nio-t  common,  and  attacks  only  the  li^nin  the  name 
of  the  man\  organic  substances  that  are  incru.ted  around  the  cellu- 
lo  e,  and  \s  hidi  \\ith  the  lat  ter  constitute  the  essential  part  of  \\ood  \ 
ti>siic  here  the  Fun^i  dis,ol\r  the  li^nm  and  the  cellulose  to  make 
food  for  t  heir  dc\  clopmciit.  Heat,  air,  and  moisture  are  necessary 
to  t  he  cxi^tciK  e  of  the  I'un^i;  \\itlioul  an\  one  of  (he-*1  elMiicnts 
the\  <'annot  li\e.  To  dc-tro\  the  fim^u-,  life  and  prc^cr\c  \\ond 
from  dec  a\  many  pn»<e^,es  ha\c  hccii  dc\i^cd,  the  on<'  that  seem-. 
to  meet  the  requirements  lietter  than  an\  other  i^  the  process  of 


uiK   Koiiiulniion   fur  Wood-Block 

il  ^  Mini   Mctlxxl  <>l    I.MMIIK  HlixKs 


Crcosotiiifir.     This  oroeess  consists  in   iinprcunatiiitf  the  wood 
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has  been  removed;  Its  effect  on  the  wood  is  to  coagulate  the  albu- 
men and  thereby  prevent  its  decomposition,  also  to  fill  the  pores  of 
the  wood  with  a  bituminous  substance  which  excludes  both  air  and 
moisture,  and  which  is  obnoxious  to  the  lower  forms  of  animal  and 
vegetable  life. 

The  coal-tar  creosote  oil  is  used  without  admixture  or  adultera- 
tion with  other  oils  or  tars.  Its  characteristics  are:  specific  gravity, 
1.03  to  1.08,  at  a  temperature  of  100  degrees  Fahrenheit;  contain 
not  more  than  5  per  cent  of  tarry  matter,  nor  more  than  2  per  cent 
of  water,  and  not  more  than  8  per  cent  of  tar  acids,  99  per  rent  to 
be  soluble  in  hot  benzol;  when  subjected  to  distillation  at  gradually 
increasing  temperatures  up  to  400  degrees  Fahrenheit  not  more  than 
5  per  cent  of  distillate  shall  pass  over,  at  450  degrees  not  more  than 
35  per  cent,  and  up  to  600  degrees  Fahrenheit  not  more  tluiu  XO  per 
cent;  after  complete  distillation  not  more  than  2  |MT  <-ent  of  coke 
liall  remain;  upon  sulphonating  a  sample  of  the  total  distillate,  the 
residue  shall  not  exceed  1  per  cent. 

For  applying  the  creosote  to  the  wood,  several  method^*  are 
followed.  The  one  in  most  favor  for  pa\ing  blocks,  is  the  "pressure 
process",  which  essentially  consists  in:  (1)  steaming  the  \\ood  for 
the  purpose  of  liquefy  ing  the  sap  and  other  substances  contain*  d  in 
the  interfibrous  spaces;  ("2)  creating  a  Minium  for  the  purpo  <•  of 
removing  the  liquefied  substances;  Cii  injecting  tin-  <  rco^.te  under 
pressure. 

The  operation  is  performed  in  metal  cylinders  <  ;dl<  d  "n  tnri  ", 
f)  or  more  feet  in  diameter  and  of  an\  dc-ircd  IrniMli,  n  n,ill\  about 
100  feet.  The  load  of  blocks,  called  a  "charge",  i,  pl.niil  upon 
metal  cars  called  "buggies"  and  is  run  into  the  retort  «  '  hnd«  i ,  the 
ends  of  \\hich  then  are  hcriiietiealK  <  lo^r.l  \\\\\\  "In.i.l  "  or  <lo.,r  .. 
Steam,  at  a  gage  pressure  \ar\ing  From  !."»  pound  ^  to  i;»  pi, mid  pi  r 
s(|uarc  inch,  is  admitted  to  the  retort  mi  -ome  pl.mf  ,t  \  ,H  mnn  i^ 
first  created)  and  the  jiresNine  maintained  tor  -e\ir,i|  ln.iir  \\lnn 
the  operator  considers  that  the  steaming  ha  ^  1>» «  n  «  ontiniii  d  .1  nlli- 
cicnt  length  of  time,  the  products  of  condcn-atiou  aie  r«  imr  i  «1  1mm 
the  retort  through  a  blo\\ -oil' cock  in  the  but  torn,  v\  hui  t  hi  ^  i,  ;n  .  «,m- 
plished  an  air  exhaust,  or  \aeinim  pump  is  put  in  operation,  and  a 
vacuum  of  from  20  incites  to  '2(\  inches  is  created  and  maintained 

for  idiont  onf  hitiir    'it  tli<>  <>T.J  y>T  it  1,!,.I.  <;..,  .  *1  :         n  i 
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to  flow  into  the  retort  until  it  is  filled.  A  pressure  pump  then  is 
started  to  force  the  creosote  into  the  retort  until  the  pressure  reaches 
100  pounds  to  150  pounds  per  square  inch.  This  pressure  is  main- 
tained until  the  required  amount  of  creosote  has  been  injected  in 
the  wood,  then  the  surplus  is  drawn  off,  the  heads  opened,  and  the 
charge  withdrawn. 

The  amount  of  creosote  injected  into  the  wood  varies  from  10 
pounds  to  22  pounds  per  cubic  foot  of  wood.  The  amount  is  deter- 
mined primarily  by  measuring  the  tanks  and  is  verified  by  testing 
sample  blocks.  A  sample  block  is  bored  entirely  through  in  the 
direction  of  the  fiber  with  an  auger  1  inch  in  diameter,  the  hole 
being  located  midway  between  the  sides  and  about  J  the  length  of 
the  block  from  one  end.  The  borings  are  collected,  thoroughly 
mixed,  and  the  quantity  and  ratio  of  creosote  to  wood  in  the  borings 
determined  by  extracting  the  creosote  completely  with  carbon 
bisulphide. 

The  condition  of  the  wood  at  the  time  of  the  treatment,  is  prefer- 
ably dry  and  free  from  an  excess  of  water.  After  treatment,  and 
until  used,  the  blocks  during  dry  weather  should  be  sprinkled  fre- 
quently \\itli  \sater  to  prevent  drying  and  cracking.  The  treated 
blocks  urc  sometimes  subjected  to  tests  to  determine  the  resistance 
to  \\cjir  \\hcn  saturated  \\ith  \\atcr,  the  resistance  to  compression 
and  impact,  and  to  a -certain  the  amount  of  \\atcr  the  wood  will 
absorb. 

Ia\injj[  the  lilocks.  The  .nrfacc  of  the  concrete  foundation  is 
clean  M|  Imm  tin  t  and  dirt  b\  -.\\ccping,  then  sprinkled  \\ith  \\atcr. 
I  JK.II  tin  il«, in<d  urfarc  a  MI  hion  <oat  is  formed,  I  A  spreading  a 
I, i1  i  i  "I  and  I  in<  h  lhnk,  Kig  !L',  or  a  mortar  composed  of  1  part 
1'i.rll, nnl  Mtninl  and  '.-  parts  and,  mixed  \\ith  -tillicicnt  \\aterto 
liirm  a  nil  p.i  le  <ilir  practice  <ii'  u  ing  ;i  mixture  of  cement  and 
,11  id  Ik  hi  I '  MM  h  m  d  \s  H  h  ualer  piodm  e  ^  a  defect  i\  e  pa\  ement  ). 
The  Mm  I  ,IM  (t  upon  the  en  .hion  coat  uith  the  liber  \ertical, 
I'ig.  ',»,",,  in  t  i.ii  Jit ,  p.n.dlel  c  our  ^e  ,  at  right  angle,  to  I  he  axis  of  the 
-t!«t,«xiip!  .it  Mill  r  e»  tion  >  \\  here  t  hc\  are  set  at  an  angle  of  1.") 
degree  ,  \\ith  llie  ,1x1  <  if  t  he  -.1  reet .  The\  arc  laid  so  as  to  ha\  e  the 
lca>t  {x»  /ible  \\idth  of  joint  (\\ide  joints  hasten  the  destruction  of 
the  \\ood  b\  nrrmit  t  im/  tin*  fibrc.s  to  broom  and  wear  under  trailic). 


150 


HIGHWAY  CONSTRUCTION 


Fig.  92.     Spreading  Sam!  Foundation  fur  WIHH!  Bl«-(  In  in  I.uSnil"  HIM-*'!,  Clm 
Courtesy  of  Knginecnny  \twn,  \rut  Yuri  I  \(y 
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]'\K   iM.     \\.Kj(l-Hl(»rk  I'uvfiiicMl,  Boing  II:  rumored  urul  Rolled,  Pn-parutury  to  Pulling  in  Filler 
t'tiurtrny  uf  Enyi ntt  ring  NCWK,  New  York  City 
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curb  it  is  customary  to  place  one  or  two  rows  of  blocks  with  the 
length  parallel  to  the  curb  and  f  inch  therefrom. 

After  the  blocks  are  laid  they  are  brought  to  a  uniform  surface 
by  ramming  with  hand  rammers  or  rolling  with  a  light  steam  roller, 
Fig.  94.  When  laid  upon  a  mortar  cushion,  the  rolling  or  ramming 
must  be  completed  before  the  mortar  sets. 

In  some  cases  the  cushion  coat  is  omitted,  the  surface  of  the 
concrete  freed  from  dust  by  dry  sweeping  is  covered  with  a  thin 
coat  of  a  bituminous  cement  and  the  blocks  laid  directly  upon  it. 
Sometimes,  the  side  and  one  end  of  each  block,  when  it  is  about  to 
be  set  in  place,  are  dipped  in  the  same  bituminous  material  that  is 
used  to  cover  the  concrete,  the  blocks  are  placed  in  contact  and  the 
surface  Is  covered  with  a  thin  coating  of  the  bituminous  material, 
this  being  covered  with  a  layer  of  sand  or  fine  gravel. 

After  the  blocks  have  been  brought  to  a  uniform  surface,  the 
joints  are  filled  with  either  fine  sand,  cement  grout,  or  a  bituminous 
cement,  Fig.  95.  When  sand  is  used,  it  should  be  fine  and  dry, 
spread  over  the  surface  of  the  pavement,  and  swept  about  until  the 
joints  are  filled.  Cement  grout  is  made  of  equal  parts  of  Portland 
cement  and  fine  sand  mixed  with  water  to  the  required  consistency. 
It  is  spread  over  the  surface  of  the  blocks  and  swept  into  the  joints 
until  they  are  filled.  The  surface  of  the  pavement  then  is  covered 
with  sand,  and  the  grout  is  allowed  to  set  for  about  seven  days 
before  traffic  is  admitted.  The  bituminous  filler  is  composed  of 
coal-tar  pitch,  asphalt,  or  combinations  of  these,  and  other  ingre- 
dients. The  filler  is  applied  hot  in  the  same  manner  as  described 
under  brick  pavement.  To  provide  for  the  expansion  of  the  blocks 
the  joint  next  the  curb  is  filled  with  bituminous  filler. 

Qualifications  of  Wood  Pavements.  Advantages.  The  advan- 
tages of  wood  pavement  may  be  stated  as  follows: 

(1 J     It  affords  good  foothold  for  horses. 

(2)  It  offers  less  resistance  to  traction  than  stone,  jind  slightly 
more  than  asphalt. 

(3)  It  suits  all  classes  of  traffic. 

(4)  It  may  be  used  on  grades  up  to  5  per  cent. 

(5)  It  is  moderately  durable. 

(6)  It  yields  no  mud  when  laid  upon  an  impervious  foundation. 

(7)  It  yields  but  little  dust. 
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(8)  It  is  moderate  in  first  cost. 

(9)  It  is  not  disagreeably  noisy. 

Defects.1    The  principal  objections  to  wood  pavement  are: 

(1)  It  is  difficult  to  cleanse. 

(2)  Under  certain  conditions  of  the  Atmosphere  it  becomes 
greasy  and  very  unsafe  for  horses.    This  may  be  remedied  by  cover- 
ing the  surface  with  a  thin  layer  of  fine  sand  or  gravel;  a  similar 
treatment  will  absorb  the  oil  which  exudes  during  warm  weather. 

(3)  It  is  not  easy  to  open  for  the  purpose  of  gaining  access  to 
underground  pipes,  it  being  necessary  to  remove  rather  a  large 
surface  for  this  purpose,  which  has  to  be  left  a  little  time  after  being 
repaired  before  traffic  again  is  allowed  upon  it. 

ASPHALT  PAVEMENTS 

Sheet=Asphalt  Pavement.  Sheet  asphalt  is  the  name  used  to 
describe  a  pavement  having  a  wearing  surface  composed  of  sand 
graded  in  predetermined  proportions,  of  a  fine  material  or  filler, 
and  of  asphalt  cement,  all  incorporated  by  mixing  in  a  mechanical 
mixer,  and  laid  upon  a  concrete  foundation,  the  surface  of  the  latter 
being  covered  with  a  thin  layer  of  bituminous  concrete  called  a 
"binder". 

Asphalt  Cement.  This  is  prepared  from  solid  bitumen,  refined 
and  fluxed  with  (1)  the  residuum  from  paraffine  petroleum;  (2)  the 
residuum  from  asphaltic  petroleum;  (o)  a  mixture  of  paraffine  and 
asphalt ic  petroleum  residuums;  (4)  natural  malthas,  or  is  prepared 
from  (5)  solid  residual  bitumen  produced  in  the  distillation  of 
asphaltic  petroleums,  and  fluxed  with  residuum  oil  produced  from 
the  same  material. 

Refilled  asphalt  is  that  freed  from  the  combined  water  and 
accompanying  inorganic  and  organic  matter.  By  comparatively 
simple  operations  the  several  varieties  of  asphalt  may  be  separated 
from  their  impurities.  Two  methods  are  employed  for  refining;  one 
using  steam  and  the  other  direct  fire.  In  both  methods  the  asphalt 
is  placed  in  tanks  and  slowly  heated  until  thoroughly  melted,  and 
during  the  melting  the  mass  is  agitated  by  a  current  of  either  air  or  dry 
steam.  The  method  of  using  steam  is  superior  to  the  fire  method. 
In  the  latter  method  there  always  is  dancrer  of  overheating:,  in  addi- 
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The  varieties  of  asphalt  known  as  gilsonite  and  grahamite,  which 
are  practically  pure  bitumen,  do  not  require  refining,  but  they  are 
used  to  a  very  small  extent  in  paving. 

The  greater  part  of  the  solid  bitumen  used  for  paving  in  the 
United  States  is  obtained  from  the  West  Indies  and  South  America. 
The  more  extensively  used  being  that  found  at  Trinidad,  W.  I.,  and 
at  Bermudez,  Venezuela.  The  asphalts  known  by  the  trade  names 
"California"  and  "texaco"  are  produced  by  refining  asphaltic  oils, 
and  may  or  may  not  require  to  be  fluxed. 

Fluxes  are  fluid  oils  and  tars  which  are  mixed  with  asphalt  to 
produce  a  desired  consistency.  The  refined  asphalt  is  melted  and 
the  flux  previously  heated  added  to  it,,  in  the  proportion  required  to 
produce  the  desired  consistency.  The  mixture  of  asphalt  and  flux 
is  agitated  either  by  mechanical  means  or  by  a  blast  of  air  until  the 
materials  are  thoroughly  incorporated  and  the  desired  consistency 
is  obtained. 

Sand.  The  sand  should  be  siliceous  and  so  free  from  organic 
matter,  mica,  soft  grains,  and  other  impurities,  that  these  will  not 
amount  to  more  than  2  per  cent  of  its  volume. 

Fine  Material  or  Filler.  This  consists  of  any  sound  stone, 
usually  limestone  or  sand,  pulverized  to  such  fineness  that  the  whole 
will  pass  the  No.  50  sieve,  and  not  more  than.  10  per  cent  will  be 
retained  on  the  No.  100  sieve,  and  at  least  70  per  cent  will  pass  the 
No.  200  sieve.  Portland  cement  sometimes  is  used  instead  of  the 
pulverized  stone. 

The  paving  composition  is  prepared  by  heating  the  ingredients 
separately  to  a  temperature  between  300  and  350  degrees  Fahren- 
heit, then  incorporating  them  by  mixing  in  a  mechanical  mixer. 
The  hot  sand  is  measured  into  the  mixer,  followed  by  the  hot  filler; 
these  two  materials  are  thoroughly  mixed  together,  and  the  hot 
cement  is  added  in  such  a  way  as  to  distribute  it  evenly  over  the 
mixed  sand  and  filler;  the  mixing  then  is  continued  until  the  materials 
form  a  uniform  and  homogeneous  mass,  with  the  grains  of  sand 
completely  covered  with  cement.  A  typical  mixture  is:  sand  100 
pounds;  filler  17.5  pounds;  bitumen  in  asphalt  cement  17.5  pounds. 

The  proportions  of  the  ingredients  in  the  paving  mixture  are 
not  constant,  but  vary  with  the  climate  of  the  place  where  the 
pavement  is  to  be  u^ecl,  the  character  of  the  sand,  and  the  amount 
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and  character  of  the  traffic  that  will  use  the  pavement.    The  ranges 
are  indicated  in  the  following  data: 


Data  for  Asphaltic  Paving 


Asphaltic  Paving  Mixture. 


CONSTITUENTS 
'Asphalt  cement 
Sand 
Stone  dust 


PER  CENT 

12  to  15 

70  to  83 

5  to  15 


Weight  of  Material.    A  cubic  yard  of  the  prepared  material  weighs  about 
,   4500  pounds.     One  ton  of  refined  asphaltum  makes  about  2300  pounds  of 
asphalt  cement,  equal  to  about  3.4  cubic  yards  of  surface  material. 

Wearing  Surface  per  Cubic  Yard  of  Material. 

THICKNESS  AREA. 

(inches)  (sq   yd  ) 

2£  12 

2  18 

1J  27 

Laying  the  Pavement.    The  hot  paving  mixture  is  hauled  to 
the  street  and  dumped  at  a  place  outside  of  the  space  in  which  it 


Scftion  of  Asphalt  Pavomont  Showing  l 


is  to  be  laid.  It  then  is  thro\\u  into  place  \\ith  hot  shovels,  and 
spread  with  hot  rakes  uniformly  to  such  a  depth  as  \\ill  give  the 
required  thickness  when  compacted.  The  finished  thickness 
varies  between  1|  inches  and  2  inches.  The  reduction  of  thickness 
by  compression  is  about  40  per  cent  generally.  Before  the  mixture 
is  spread,  the  surfaces  of  curbs  and  street  fittings  that  will  be  in 
contact  with  it  are  painted  with  hot  asphalt  cement. 

The  pavement  is  constructed  in  two  forms:     (1)  The  paving 
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(2)  the  surface  of  the  concrete  foundation  is  covered  with  a  Coat 
of  asphaltic  concrete,  Fig.  96,  called  the  "binder  course",  the  object 
of  which  is  to  unite  more  securely  the  wearing  surface  to  the  foun- 
dation.  This  it  does  by  containing  a  larger  percentage  of  cement, 
which,  if  put  in  the  surface  mixture,  would  render  it  too  soft.  The 
binder  is  composed  of  sound,  hard  stone  broken  to  pass  a  IJ-inch 
screen,  sand,  pulverized  stone,  and  asphalt  cement,  mixed  in  the 
desired  proportions.  A  typical  mixture  is:  stone  100  pounds; 
sand  40  pounds;  stone  dust  8  pounds;  bitumen  in  asphalt  cement 
8  pounds. 

The  paving  composition  is  compressed  by  means  of  rollers 
and  tamping  irons,  the  latter  being  heated  in  a  fire  contained  in  an 
iron  basket  mounted  on  wheels.  These  irons  are  used  for  tamping 
such  portions  as  are  inaccessible  to  the  roller,  namely,  gutters, 
around  manhole  heads,  etc. 

Two  rollers  are  sometimes  employed;  one,  weighing  5  to  6 
tons  and  of  narrow  tread,  is  used  to  give  the  first  compression; 
and  the  other,  weighing  about  10  tons  and  of  broad  tread,  is  used 
for  finishing.  The  rate  of  rolling  varies;  the  average  is  about  1 
hour  for  1000  square  yards  of  surface.  After  the  primary  com- 
pression, natural  hydraulic  cement,  or  any  impalpable  mineral 
matter,  is  sprinkled  over  the  surface,  to  prevent  the  adhesion  of 
the  material  to  the  roller  and  to  give  the  surface  a  more  pleasing 
appearance.  When  the  asphalt  is  laid  up  to  the  curb,  the  surface 
of  the  portion  forming  the  gutter  is  painted  with  a  coat  of  hot 
cement. 

Although  asphaltum  is  a  poor  conductor  of  heat,  and  the  cement 
retains  its  plasticity  for  several  hours,  occasions  may  and  do  arise 
through  which  the  composition  before  it  is  spread  has  cooled;  its 
condition  when  this  happens  is  analogous  to  hydraulic  cement  which 
has  taken  a  "set",  and  the  same  rules  which  apply  to  hydraulic 
cement  in  this  condition  should  be  respected  in  regard  to  asphaltic 
cement. 

If  the  temperature  of  the  air  at  the  time  of  hauling  is  below 
70  degrees  Fahrenheit  the  wagons  carrying  it  are  covered  with 
canvas  or  other  material  to  prevent  the  loss  of  heat.  The  tem- 
perature when  delivered  at  the  place  where  it  is  to  be  used  must 
not  be  less  than  280  degrees  Fahrenheit. 
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Two  methods  are  followed  in  laying  an  asphalt  pavement 
adjoining  street  railway  tracks:  (1)  a  course  of  granite-block  or 
brick  paving  is  laid  between  the  rail  and  the  edge  of  the  asphalt; 
(2)  the  asphalt  is  laid  directly  against  the  rail,  which,  if  its  tem- 
perature is  below  50  degrees  Fahrenheit,  is  heated  by  suitable 
apparatus  to  a  temperature  of  about  60  degrees  Fahrenheit 
immediately  before  the  asphalt  is  laid. 

Foundation.  A  solid,  unyielding  foundation  is  indispensable 
with  all  asphaltic  pavements,  because  asphalt  of  itself  has  no 
power  of  offering  resistance  to  the  action  of  traffic,  conse- 
quently it  nearly  always  is  placed  upon  a  bed  of  hydraulic- 
cement  concrete.  The  concrete  must  be  set  thoroughly  and 
its  surface  dry  before  the  asphalt  is  laid  upon  it;  if  not,  the 
water  will  be  sucked  up  and  converted  into  steam,  with  the 
result  that  coherence  of  ,the  asphaltic  mixture  is  prevented,  and, 
although  its  surface  may  be  smooth,  the  mass  is  really  honey- 
combed, so  that  as  soon  as  the  pavement  is  subjected  to  the  action 
of  traffic,  the  voids  or  fissures  formed  by  the  steam  appear  on 
the  surface,  and  the  whole  pavement  is  broken  up  quickly. 

Qualifications  of  Asphalt  Pavements.  Advantages.  These 
may  be  summed  up  as  follows : 

(1)  It  gives  easy  traction. 

(2)  It  is  comparatively  noiseless  under  traffic. 

(3)  It  is  impervious. 

(4)  It  is  easily  cleansed. 

(5)  It  produces  neither  mud  nor  dust. 
(0)     It  is  pleasing  to  the  e\e. 

(7)  It  suits  all  classes  of  traffic. 

(8)  There   is  neither   vibration   nor   concussion   in   traveling 
over  it. 

(9)  It  is  laid  expeditioush  ,  thereby  causing  little  inconvenience 
to  traffic. 

(10)  Openings  to  gain  access  to  underground  pipes  are  easily 
made. 

(11)  It  is  durable. 

(12)  It  is  repaired  easily. 
Defects.    These  are  as  follows: 
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The  American  asphalts  are  much  less  so  than  the  European,  on 
account  of  their  granular  texture  derived  from  the  sand.  The 
difference  is  very  "noticeable;  the  European  are  as  smooth  as  glass, 
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Fig.  97.    Section  of  Asphalt  Pavement  Showing  Use  of  Vitrified  Brick  to  Form  Gutter 

while  the  American  resemble  fine  sandpaper.  The  slipperiness 
can  be  decreased  by  heating  the  surface  of  the  pavement  with  a 
surface  heater,  then  applying  a  layer  of  coarse  sand  and  rolling 
it  into  the  surface. 

(2)  It  will  not  stand  constant  moisture,  and  will  disintegrate 
J  sprinkled  excessively. 

(3)  Under  extreme  heat  it  is  liable  to  become  so  soft  that  it 
\\ill  roll  or  creep  under  traffic  and  present  a  wavy  surface;  and 
under  extreme  cold  there  is  danger  that  the  surface  will  crack  and 
become  friable. 

(4)  It  is  not  adapted  to  grades  steeper  than  2|   per  cent, 
although  it  is  in  use  on  grades  up  to  7.30  per  cent. 


Asphalt 


Brick   Gutter 


Curb 


Fig.  98      Plan  of  Asphalt  Pavement  Shoeing  Use  of  VitriM 
Brick  to  Form  Gutter 


(5)  Repairs  must  be  made  quickly,  for  the  material  has  little 
coherence,  and  if,  from  irregular  settlement  of  foundation  or  local 
violence,  a  break  occurs,  the  passing  wheels  rapidly  shear  off  the 
sides  of  the  hole,  and  it  soon  assumes  formidable  dimensions. 
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Although  pure  asphaltum  is  impervious  absolutely  and  insoluble 
in  either  fresh  or  salt  water,  yet  asphalt  pavements  in  the  continued 
presence  of  water  are  quickly  disintegrated.  Ordinary  rain  or 
daily  sprinkling  does  not  injure  them  when  they  are  allowed  to 
become  perfectly  dry  again.  The  damage  is  most  apparent  in 
gutters  and  adjacent  to  overflowing  drinking  fountains.  This 
defect  has  long  been  recognized,  and  various  measures  have  been 
taken  to  overcome  it,  or  at  least  reduce  it  to  a  minimum.  In  some 
cities,  ordinances  have  been  passed,  seeking  to  regulate  the  sprinkling 
of  the  streets;  and  in  many  places  the  gutters  are  laid  with  stone 
or  vitrified  brick,  Figs.  97  and  98,  while  in  others  the  asphalt  is 
laid  to  the  curb,  a  space  of  12  to  15  inches  along  the  curb  being 
covered  with  a  thin  coating  of  asphalt  cement. 

Failure  of  Asphalt  Pavement.  The  failure  of  asphalt  pavement 
is  due  to  any  one,  or  a  combination,  of  the  following  causes: 

(1)  Unsuitable  Materials.    The  asphalt  may  be  changed  so 
by  natural  causes  as  to  possess  little  or  no  cementing  power.    The 
fluxing  agent  may  form  only  a  mechanical  instead  of  a  chemical 
union  with  the  asphalt,  or  its  character  may  be  such  as  to  render 
the  asphalt  brittle,  in  which  condition  it  easily  is  broken  up  under 
traffic.     The  sand  may  be  graded  improperly,  either  too  coarse  or 
too  fine,  or  contain  loam,  vegetable  matter,  or  clay. 

(2)  Improper  Manipulation.    The  crude  asphalt  may  have 
been  refined  at  too  high  a  temperature,  which  reduces  or  destroys 
the  cementing  property.    The  cement  may  be  of  improper  con- 
sistence,  of  insufficient  quantity,  or  inadequately  mixed.     If  the 
cement  is  too  hard,  the  pavement  will  have  a  tendency  to  crack 
during  cold  weather;  and  if  too  soft,  it  will  push  out  of  place  and 
form  waxes  under  traffic.     The  quantity  of  cement  needed  varies 
with  the  character  of  the  sand— a  fine  sand  requires  more  cement 
than  a  coarse  one,  and  the  proportion  of  cement  must  be  varied  to 
suit  the  sand.     When  the  ingredients  are  mixed  inadequately,  the 
cement  and  the  particles  of  sand  are  not  brought  into  intimate 
contact.     Free  oil  or  an  excess  of  asphalt  in  the  binder,  making 
it  too  rich,  is  liable  to  work  up  and  be  absorbed  by  the  wearing 
surface,  and  thus  cause  it  to  disintegrate.     The  mixture  may  be 
chilled  while  being  transported  from  the  plant  to  the  street.    There 
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the  plant  to  the  street  is  great  and  there  is  any  delay,  some  of  the 
cement  may  work  to  the  bottom  of  the  load,  and  when  it  is  dumped, 
there  will  be  fat  and  lean  spots,  both  of  which  are  injurious.  The 
paving  mixture  may  be  laid  upon  a  damp  or  dirty  foundation. 
There  may  be  inadequate  compression,  for  the  importance  of 
thorough  compaction  is  not  appreciated  always  and  this  portion 
of  the  work  is  slighted  frequently. 

(3)  Natural    Causes.    All   materials    in   nature    continually 
are  undergoing  change  due  to  the  action  of  the  elements,  and  to 
this  asphalt  is  not  an  exception.    Subjected  to  the  action  of  heat, 
all  bitumens   grow   harder,  and   when   the    maximum  degree  of 
hardness  is  attained,  natural  decay  sets  in  so  that  under  the  com- 
bined action  of  the   elements,  the  material  gradually  rots  and 
disintegrates. 

(4)  Defective  Foundation.    By   unequal    settlement    a    weak 
foundation  will  cause  cracks  and  depressions  in  the  surface  which 
will  enlarge  speedily  under  traffic.    A  porous  foundation  will  per- 
mit the  ground  water  to  rise,  by  capillary  action,  to  the  underside 
of  the  wearing  surface,  where  by  freezing  it  will  cause  cracks  and 
thus  provide  access  for  surface  water;  non-watertight  connectioa 
between  curbs  and  street  fittings  also  furnishes  a  path  for  surface 
water  to  reach  the  underside  of  the  wearing  surface,  where  the 
presence  of  water  causes  rapid  decay. 

(5)  Other  Causes.     Illuminating  gas,   escaping   from   leaking 
pipes  under  the  pavement  causes  disintegration  of  the  asphalt. 
Contraction,  caused  by  the  decrease  in  cementing  power  through 
aging  of  the  asphalt,  results  in  cracks.     Due  to  an  excess  of  fluxing 
material,  there  may  be  rolling  and  waving  of  the  pavement  under 
traffic.     Injury  may  be  caused  by  fires  made  upon  the  pavement, 
or  by  oil  droppings  from  motor  vehicles. 

Sheet  asphalt  pavement  usually  is  constructed  under  a  contract 
that  provides  for  its  maintenance  during  a  period  of  years  (five 
or  ten)  by  the  contractor.  Such  a  contract  stipulates  that  the 
condition  of  the  pavement  at  the  expiration  of  the  maintenance 
or  guarantee  period  shall  be  as  follows:  Surface  free  from  depres- 
sions exceeding  f-inch  deep,  when  measured  between  any  two  points 
4  feet  apart  on  a  line  conforming  substantially  to  the  original  con- 
tour of  the  pavement.  Free  from  cracks.  Contain  no  disintegrated 
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material.  Thickness  not  reduced  more  than  f  inch.  Foundation 
free  from  cracks  and  settlement. 

Rock  Asphalt  Pavement.  This  is  the  name  applied  to  pave- 
ment made  from  the  limestones  and  sandstones  found  naturally 
impregnated  or  cemented  with  bitumen.  They  are  prepared  for 
use  by  crushing  and  heating,  and  are  used  in  their  natural  con- 
dition or  mixed  with  other  materials.  Deposits  are  found  in  many 
parts  of  the  United  States  and  Europe.  In  Europe,  rock  asphalt 
is  the  material  most  extensively  used  for  paving,  under  the  name 
"asphalte".  The  European  rock  asphalts  are  impregnated  very 
uniformly  with  from  7  per  cent  to  14  per  cent  of  asphalt,  and  readily 
compact  into  a  hard,  smooth  pavement  which  in  frosty  latitudes 
becomes  very  slippery.  The  American  rock  asphalts  are  impreg- 
nated irregularly  with  from  5  per  cent  to  30  per  cent  of  asphalt. 
Their  use  for  paving  is  limited,  chiefly  owing  to  the  cost  of  trans- 
portation. 

Asphalt  Blocks.  Formation.  Asphalt  paving  blocks  are  formed 
from  a  mixture  of  asphaltic  cement  and  crushed  stone  in  the  pro- 
portion of  8  or  12  per  cent  of  cement  to  88  or  92  per  cent  of  stone. 
The  materials  are  heated  to  a  temperature  of  about  300°  Fahrenheit, 
and  mixed  \\hile  hot  in  a  suitable  vessel.  When  the  mixing  is 
complete,  the  material  is  placed  in  molds  and  subjected  to  heavy 
pressure,  after  \\hich  the  blocks  are  cooled  suddenly  by  plunging 
into  cold  water.  The  usual  dimensions  of  the  blocks  are  4  inches 
wide,  o  inches  dee]),  and  12  inches  long. 

Foundation.  The  blocks  usually  are  laid  upon  a  concrete 
foundation  \\ith  a  cushion  coat  of  sand  about  J-iucli  thick.  They 
are  laid  \\ith  their  lengths  at  right  angles  to  the  axis  of  the  street, 
and  the  longitudinal  joints  should  be  broken  by  a  lap  of  at  least 
4  inches.  The  blocks  then  are  rammed  with  hand  hammers,  or 
are  rolled  with  a  light  steam  roller,  the  surface  being  co\ered 
uith  clean,  fine  sand;  no  joint  filling  is  used,  as,  under  the  action 
of  the  sun  and  traffic,  the  blocks  soon  become  cemented. 

The  advantages  claimed  for  a  pavement  of  asphalt  blocks 
over  those  for  a  continuous  sheet  of  asphalt  are:  (1)  that  they  can 
be  made  at  a  factory  located  near  the  materials,  whence  they  can 
be  transDorted  to  the  ulace  where  thev  are  to  be  used  and  can  be 
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machinery  and  skilled  labor;  (2)  that  they  are  less  slippery,  owing 
to  the  joints  and  the  rougher  surface  due  to  the  use  of  crushed  stone. 


Fig  99.     Rake  and  Smoothing  Irons,   Used  in  Irving  Asphalt  Pavement, 
Courtesy  of  Barber  Aaphnlt  Pavtny  Company,  Philadelphia,  Penn^ylcaimi 


Another  Form.  Another  form  of  asphalt  block,  known  as  the 
"Luebu"  block,  consists  of  a  block  8J  inches  long,  4J  inches  wide, 
and  4  inches  thick,  with  the  lower  3  inches 
composed  of  Portland-cement  concrete  cov- 
ered with  1  inch  of  natural-rock  asphalt; 
the  two  materials  being  joined  under  heavy 
hydraulic  pressure.  The  blocks  are  laid  on 
a  concrete  foundation  and  the  joints  be- 
tween them  are  filled  with  hydraulic-cement 
grout. 

Tools  Employed  in  Construction  of 
Asphalt  Pavements.  The  tools  used  in  lay- 
ing sheet-asphalt  pavements  comprise  hand 
rammers  iron,  rakes,  smoothing  irons,  Fig. 
99;  pouring  pots,  Fig.  100;  hand  rollers, 
r  inn  T>  •  T>  *  TT  ^  either  with  or  without  a  fire  pot,  Fig.  101 ; 

Fig.  100     Pouring  Pots  Used  1        »         o  > 

with  Asphalt  Pavements        and  steam  rollers,  with  or  without  provision 

Courtesy  of  Barber  Asphait 
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rollers  are  different  in  construction,  appearance,  and  weight  from 
those  employed  for  compacting  broken  stone.  The  difference  is 
due  to  the  different  character  of  the  work  required. 


Fig   101.     Hand  Rollers  Used  in  Laying  Asphalt  Pavements 
Courtesy  of  Barber  Asphalt  Paving  Company,   Philadelphia,   Pennsylvania 


1'iK    10L>       SIM, til    K.itul   Kolli-i    I  M-,l  in   La- inn  A-plmlt   P.i\cmonts 


The  principal  dimcusious  of  the  .r)-ton  rollor  arc  as  follows: 


Front  loll  or  Hioonng  \vhool,  iliamotcT 

Real  roll  or  driving  \vhocl,  cluuiuMcM 

Front  roll,  width     . 

Rear  roll,  width 

Length,  extreme  ..... 

Height,  extreme.  .  .. 


M  to  ,T2  inches 
4S  inches 
40  inches 
40  inches 
14  feet 
7  to  8  feet 
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|j  MISCELLANEOUS  PAVEMENTS 

t  Under  this  head  will  be  described  briefly  the  most  notable 

^  examples  of  pavements  devised  as  substitutes  for  the  recognized 

|/v  standard  types,  and  sometimes  used  where  good  materials  are  not 

|f  available,  or  where  insufficient  funds  prevent  their  purchase,  and 

'$  in  some  cases  for  the  purpose  of  utilizing  waste  products. 

ir  /  Burnt  Clay.    In  the  Mississippi  Valley,  during  the  dry  season, 

the  clay  is  cut  from  the  roadway  to  a  depth  of  about  2  feet,  and 
piled  so  as  to  form  enclosures  about  15  feet  in  diameter  and  2  feet 
high.  After  remaining  so  for  about  ten  days  to  dry  out,  a  fire  is 
made  in  the  inclosure,  more  dry  clay  placed  on  top  and  the  burning 
proceeded  with.  The  burnt  clay  after  cooling,  is  relaid  upon  the 
road,  and  then,  being  of  a  thoroughly  porous  nature,  settles  into  a 
dry,  solid  layer. 

Straw.  Clay  roads  have  been  improved  by  shaping  and  harrow- 
ing the  road,  then  applying  a  layer  of  wheat  straw,  which  is 
moistened  with  water,  and  cut  and  mixed  with  the  clay  by  a  disk 
harrow.  More  straw  is  added  and  the  operation  repeated,  then  com- 
pacted with  a  steam  roller.  The  treatment  is  applied  twice  a  year. 
Oyster=Shell.  The  shells  are  spread  on  the  road  previously 
shaped  and  rolled.  They  crush  readily  and,  possessing  a  high 
cementing  quality,  bind  together  to  form  a  compact,  smooth  road 
surface,  but  owing  to  their  softness,  they  are  quickly  ground  to 
powder  which  is  carried  away  readily  by  wind  and  rain  water. 

Chert.  The  siliceous  material  found  overlying  the  red  sand- 
stone, which  forms  the  covering  of  the  red  hematite  iron  ore  in 
some  of  the  Southern  States,  is  used  for  both  street  and  road  paving. 
It  is  laid  directly  upon  the  earth  surface  or  upon  a  prepared  foun- 
dation, sprinkled,  and  compacted  in  the  same  manner  as  water- 
bound  macadam. 

Slag.  The  slag  produced  in  the  manufacture  of  iron  and  steel 
is  used  in  various  ways  for  pa\ing.  (1)  It  may  be  crushed  to 
the  desired  sizes  and  used  in  the  same  manner  as  broken  stone, 
laid  in  one  or  two  courses,  sprinkled  and  rolled.  In  some  cases, 
a  binder  composed  of  quicklime  is  used;  in  others,  a  waste  sulphite 
liquor  is  mixed  with  the  water  used  for  moistening  it  before  rolling; 
and  in  others,  it  is  mixed  with  coal-tar  or  other  bituminous  cement 
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and  formed  into  a  pavement  in  the  same  manner  as  bituminous 
macadam.  The  pavement  called  "tarmac",  a  large  amount  of 
which  has  been  used  in  England,  is  composed  of  slag,  coal  tar, 
rosin,  and  Portland  cement.  (2)  The  slag  may  be  formed  into 
blocks  by  casting  in  molds,  which  are  used  in  the  same  manner  as 
stone  blocks.  In  this  form  they  are  called  "scoria"  or  "slag"  blocks. 

Clinker.  Where  crematories  are  employed  for  the  destruction 
of  garbage  about  33  per  cent  of  the  material  remains  after  burning, 
in  the  form  of  clinker.  This  is  broken  up  and  ground  to  a  fine 
powdei,.  mixed  with  either  a  hydraulic  or  a  bituminous  cement,  and 
pressed  into  blocks  and  slabs. 

Petrolithic.  Petrolithic  paving  is  made  .by  applying  a  bitu- 
minous oil  to  earth,  sand,  gravel,  clay,  or  loam  roads.  The  soil  is 
plowed  to  a  depth  of  at  least  6  inches,  pulverized  by  harrowing, 
and  sprinkled  with  water.  The  bituminous  oil  is  applied  in  one 
or  two  coats  at  the  rate  of  1  gallon  per  square  yard,  the  oil  and  soil 
are  mixed  and  compacted  by  a  roller  weighing  5000  pounds,  the 
surface  of  which  is  studded  with  spikes  having  a  flat  head  measuring 
2X3  inches,  and  on  which  account  it  is  named  a  "sheep's-foot" 
roller.  In  operation,  the  spikes  or  feet  are  forced  into  the  loose 
soil  and  compress  or  pack  it  from  the  bottom  upwards.  After  a 
thorough  mixing  and  tamping,  the  surface  is  shaped  with  a  road 
grader  and  rolled  with  a  roller  of  the  ordinary  form. 

Kleinpflaster.  Kleinpflastcr  is  the  name  given  to  a  stone  pave- 
ment used  in  Germany  for  exceptionally  heavy  traffic,  and  used  also 
in  England,  under  the  name  "durax".  It  is  made  of  3-inch  cubes 
of  hard  stone,  cut  by  machinery,  and  laid  in  small  segments  of 
circles.  The  stones  are  laid  as  close  as  possible  and  the  joints  are 
filled  with  hydraulic-cement  grout  or  bituminous  filler. 

Iron.  Several  experiments  have  been  made  with  iron  for 
paving,  but,  while  eminently  durable,  it  was  rough,  noisy,  and 
slippery,  and  its  use  either  alone  or  combined  with  other  materials 
has  been  abandoned. 

Trackways.  Formed  of  stone  slabs,  brick,  concrete  blocks, 
steel,  and  other  materials,  trackways  have  been  constructed  at 
various  times  for  the  purpose  of  reducing  the  resistance  to  traction. 
Their  use  on  an  extensive  scale,  however,  has  been  abandoned 
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National  Pavement.  National  pavement  is  composed  of  pul- 
verized clay,  loam,  or  ordinary  soil,  heated  and  mixed  with  liquid 
bitumen.  The  mixture  is  spread  to  a  depth  of  2  or  3  inches  upon 
the  surface  of  the  compacted  and  drained  natural  soil  and  is  com- 
pressed by  a  power  roller. 

.  Fibere4  Asphalt  Pavement.  Fibered  asphalt  pavement  is  com- 
posed  of  wood  fiber,  obtained  as  a  waste  product  from  the  process 
of  extracting  tannin  and  asphalt.  The  fiber  is  heated  and  mixed 
with  a  predetermined  quantity  of  asphalt.  The  hot  mixture  is  run 
into  molds  forming  small  blocks  which  are  shipped  to  the  place  of 
use.  The  blocks  are  there  heated  to  a  temperature  of  275°  F.  in  a 
traveling  heater  that  moves  along  the  roadway  and  from  which  the 
hot  mixture  emerges  in  a  continuous  stream  18  inches  wide  and  is 
deposited  on  the  previously  prepared  foundation  to  a  depth  of  4 
inches.  After  spreading,  it  is  compressed  to  a  thickness  of  2  inches 
with  a  power  roller. 

Westrumite.  Westrumite  is  an  asphalt  cement  temporarily 
^quefied  by  emulsification.  It  is  mixed  cold  with  broken  stone  in 
an  ordinary  concrete  mixer,  spread  on  the  foundation,  and  com- 
pacted by  rolling.  The  evaporation  of  the  vehicle  leaves  the  asphalt 
cement  as  the  binder. 

MISCELLANEOUS  STREET  WORK 
FOOTPATHS 

A  footpath  or  walk  is  simply  a  road  under  another  mime — a 
road  for  pedestrians  instead  of  one  for  horses  and  vehicles.  The 
only  difference  that  exists  is  in  the  degree  of  service  required;  but 
the  conditions  of  construction  that  render  a  road  well  adapted  to 
its  object  are  very  much  the  same  as  those  required  for  a  walk. 

The  effects  of  heavy  loads  such  as  traverse  carriage-\\a\s  arc 
not  felt  upon  footpaths;  but  the  destructive  action  of  water  and 
frost  is  the  same  in  either  case,  and  the  treatment  to  counteract 
or  resist  these  elements  as  far  as  practicable,  and  to  produce  per- 
manency, must  be  the  controlling  idea  in  each  case,  and  should 
be  carried  out  upon  a  common  principle.  It  is  not  less  essential 
that  a  walk  should  be  well  adapted  to  its  object  than  that  a  road 
should  be;  and  it  is  annoying  to  find  it  impassable  or  insecure  and 
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in  want  of  repair  when  it  is  needed  for  convenience  or  pleasure. 
In  point  of  economy,  there  is  the  same  advantage  in  constructing 
a  footway  skilfully  and  durably  as  there  is  in  the  case  of  a  road. 

Width.  The  width  of  footwalks  (exclusive  of  the  space  occu- 
pied  by  projections  and  shade  trees)  should  be  ample  to  accommodate 
comfortably  the  number  of  people  using  them.  In  streets  devoted 
entirely  to  commercial  purposes,  th$  clear  width  should  be  at  least 
one-third  the  width  of  the  carriage-way;  in  residential  and  suburban 
streets,  a  very  pleasing  result  can  be  obtained  by  making  the  walk 
one-half  the  width  of  the  roadway,  and  by  devoting  the  greater 
part  to  grass  and  shade  trees. 

Cross  Slope.  The  surface  of  footpaths  must  be  sloped  so  that 
the  surface  water  will  readily  flow  to  the  gutters.  This  slope  need 
not  be  very  great;  |  inch  per  foot  will  be  sufficient.  A  greater  slope 
with  a  thin  coating  of  ice  upon  it,  becomes  dangerous  to  pedestrians. 

Foundation.  As  in  the  case  of  roadways,  so  with  footpaths, 
the  foundation  is  of  primary  importance.  Whatever  material  may 
be  used  for  the  surface,  if  the  foundation  is  weak  and  yielding,  the 
surface  will  settle  irregularly  and  become  extremely  objectionable, 
if  not  dangerous,  to  pedestrians. 

Surface.    The  requirements  of  a  good  covering  for  sidewalks  are : 

(1)  It  must  be  smooth  but  not  slippery. 

(2)  It  must  absorb  the  minimum  amount  of  water,  so  that  it 
may  dry  rapidly  after  rain. 

(;•>)     It  must  not  be  abrascd  easily. 

(4)  It  must  be  of  uniform  quality  throughout,  so  that  it  may 
\\ear  evenly. 

(r>)      It  must  neither  scale  nor  Hake. 

(())      Its  texture  must  be  such  that  dust  \vill  not  adhere  to  it. 

(7)     It  must  be  durable. 

Materials.  The  materials  used  for  footpaths  are  as  follows: 
stone,  natural  and  artificial;  wood;  asphalt;  brick;  tar  concrete;  and 
graxel. 

*S7o//fw.  Of  the  natural  stones,  sandstone  (Milestone)  and 
granite  are  employed  extensively.  The  Milestone,  when  well  laid, 
forms  au  excellent  paving  material.  It  is  of  compact  texture, 
absorbs  water  to  a  very  limited  extent,  and  hence  soon  dries  after 
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without  becoming  excessively  slippery.  Granite,  although  exceed- 
ingly durable,  wears  very  slippery,  and  its  surface  has  to  be  rough- 
ened frequently. 

Slabs,  of  whatever  stone,  must  be  of  equal  thickness  throughout 
their  entire  area;  the  edges  must  be  dressed  true  to  the  square 
for  the  whole  thickness  (edges  must  not  be  left  feathered  as  shown 
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Fig.  103,    Faulty  Joint  in  Stone  Sidewalk 

in  Kg.  103) ;  and  the  slabs  must  be  bedded  solidly  on  the  foundation 
and  the  joints  filled  with  cement  mortar.  Badly  set  or  faultily 
dressed  flagstones  are  very  unpleasant  to  walk  over,  especially 
in  rainy  weather;  the  unevenness  causes  pedestrians  to  stumble, 

_  jcking  stones  squirt  dirty  water  over  their  clothes. 

Wood.  Wood  has  been  used  largely  in  the  form  of  planks; 
it  is  cheap  in  first  cost,  but  proves  very  expensive  from  the  fact  that 
it  lasts  but  a  comparatively  short  time  and  requires  constant  repair 
to  keep  it  from  becoming  dangerous. 

Asphalt.  Asphalt  forms  an  excellent  footway  pavement;  it 
is  durable  and  does  not  wear  slippery. 

Brick.  Brick  of  suitable  quality,  well  and  carefully  laid  on  a 
concrete  foundation,  makes  an  excellent  footway  pavement  for 
residential  and  suburban  streets  of  large  cities,  and  also  for  the  main 
streets  of  smaller  towns.  The  bricks  should  be  good  qualities  of 
paving  brick  (ordinary  building  brick  are  unsuitable,  as  they  soon 
wear  out  and  are  broken  easily).  The  bricks  should  bo  laid  in 
parallel  rows  on  their  edges,  with  their  lengths  at  right  angles  to 
the  axis  of  the  path. 

Concrete.  Concrete  or  artificial  stone  is  used  extensively  as 
a  footway  paving  material.  Its  manufacture  is  the  subject  of 
several  patents,  and  numerous  kinds  are  to  be  had  in  the  market. 
When  manufactured  of  first-class  materials  and  laid  in  a  sub- 
stantial manner,  with  proper  provision  against  the  action  of 
frost,  artificial  stone  forms  a  durable,  agreeable,  and  inexpensive 
pavement. 
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Concrete  walks  are  formed  in  one  or  two  courses.  In  one-course 
work,  the  concrete  is  laid  to  a  depth  of  4  inches  and  tamped  until 
sufficient  mortar  flushes  to  the  surface  to  permit  the  forming  of  a 
smooth  surface.  In  two-course  work,  the  concrete  for  the  base 
is  spread  and  tamped  to  a  depth  of  3  inches,  the  top  or  surface 
course  is  spread  upon  the  base  before  the  latter  has  begun  to  set. 
The  top  course  has  a  thickness  of  about  1  inch,  and  it  is  tamped 
and  its  surface  is  brought  to  the  required  plane  by  a  straightedge 
and  by  troweling.  Expansion  is  provided  for  by  transverse  joints 
extending  the  full  depth  of  the  concrete.  The  joints  are  placed 
4  feet  apart  and  are  formed  by  placing  across  the  side  forms  a  |-inch 
thick  metal  dividing  strip,  which  is  removed  before  the  cement 
sets  so  that  the  edges  of  the  joint  may  be  smoothed  and  rounded 
with  a  suitable  tool. 

The  area  to  be  covered  by  the  walk  is  excavated  to  a  minimum 
depth  of  8  inches,  or  to  such  greater  depth  as  the  nature  of  the  ground 
may  require  to  secure  a  solid  foundation.  The  surface  of  the  ground 
so  exposed  is  compacted  by  ramming,  and  a  drainage  course  is 
formed  of  broken  stone,  gravel,  or  steam-plant  cinders,  thoroughly 
compacted  by  ramming,  and  its  surface  is  brought  to  a  plane  parallel 
to  and  4  inches  below  the  finished  surface  of  the  concrete.  In 
some  situations  it  may  be  necessary  to  connect  the  drainage  course 
with  the  sewers,  street  drains,  or  side  ditches,  for  the  purpose  of 
furnishing  an  outlet  for  standing  water;  this  is  done  by  the  use  of 
3-inch  drain  pipe  placed  where  required. 

The  forms  of  steel  or  wood  should  he  made  substantially,  and 
left  in  place  until  the  concrete  is  set  hard. 

Concrete  walks  fail  from  the  use  of  improper  materials  and 
defective  workmanship,  insufficient  expansion  joints,  heaving  and 
cracking  by  frost,  due  to  imperfect  drainage,  displacement  and 
cracks,  due  to  settlement  of  the  drainage  course — this  latter 
being  frequent  when  cinders  are  used,  as  in  time  they  are  liable 
to  decompose  and  shrink  in  volume  and  thus  allow  the  con- 
crete to  settle.  In  two-course  work  failure  may  be  in  respect 
to  flaking  of  the  surface  by  the  action  of  water  and  frost  entering 
between  and  separating  the  courses.  The  concrete  should  not  be 
laid  during  freezing  weather,  nor  should  frozen  materials  be  used 
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CURBSTONES  AND  GUTTERS 

Curbstones.  Curbstones  are  employed  for  the  outer  side  of 
footways,  to  sustain  the  covering  and  to  form  the  gutter.  Their 
upper  edges  are  set  flush  with  the  footwalk  pavement,  so  that  the 
water  can  flow  over  them  into  the  gutters. 


Fig.  104.     Typical  Section  Showing  Stone  Curb  Eight  Inches  Thick 

The  disturbing  forces  which  the  curb  has  to  resist  are:  (1)  The 
pressure  of  the  earth  behind  it,  which  is  frequently  augmented  by 
piles  of  merchandise,  building  materials,  etc.  This  pressure  tends 
to  overturn  it,  break  it  transversely,  or  move  it  bodily  on  its  base. 
(2)  The  pressure  due  to  the  expansion  of  freezing  earth  behind 


IMS    10,-»      T\pical  Section  Showing  Stone  Curb  1  ivo  Inches  Thick 

and  beneath  the  curb.  This  force  is  most  frequent  where  the  side- 
walk is  sodded  partly  and  the  ground  accordingly  is  moist  Suc- 
tfssive  freezing  and  thawing  of  the  earth  behind  the'curb  will  occasion 
a  succession  of  thrusts  forward,  which,  if  the  curb  be  of  faulty 
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(3)  The  concussions  and  abrasions  caused  by  traffic.  To  withstand 
the  destructive  effect  of  wheels,  curbs  are  faced  with  iron;  and  a 
concrete  curb  with  a  rounded  edge  of  steel  has  been  patented  and 
used  to  some  extent.  Fires  built  in  the  gutters  deface  and  seriously 
injure  the  curb.  Posts  and  trees  set  too  near  the  curb,  tend  to 
break,  displace,  and  destroy  it. 

The  use  of  drain  tiles  under  the  curb  is  a  subject  of  much  dif- 
ference of  opinion  among  engineers.  Where  the  subsoil  contains 
water  naturally,  or  is  likely  to  receive  it  from  outside  the  curb  lines, 
the  use  of  drains  is  of  decided  benefit;  but  great  care  must  be  exer- 
cised in  jointing  the  draintiles,  lest  the  soil  shall  be  loosened  and 
removed,  causing  the  curb  to  drop  out  of  alignment. 

The  materials  employed  for  curbing  are  the  natural  stones — 
as  granite,  sandstone  (bluestone),  etc.;  artificial  stone — fire  clay, 
and  cast  iron. 

The  dimensions  of  curbstones  vary  considerably  in  different 
localities  and  according  to  the  width  of  the  footpaths;  the  wider  the 
path,  the  wider  should  be  the  curb.  However,  it  should  be  never 
less  than  8  inches  deep,  nor  narrower  than  4  inches.  Depth  is 
necessary  to  prevent  the  curb's  turning  over  toward  the  gutter.  It 
never  should  be  in  smaller  lengths  than  3  feet.  The  top  surface 
should  be  beveled  off  to  conform  to  the  slope  of  the  footpath.  The 
front  face  should  be  hammer-dressed  for  a  depth  of  about  6  inches, 
in  order  that  there  may  be  a  smooth  surface  visible  against  the 
gutter.  The  back  for  3  inches  from  the  top  also  should  be  dressed, 
so  that  the  flawing  or  other  paving  may  butt  fair  against  it.  The 
end  joints  should  be  out  a  true  square  the  full  thickness  of  the  stone 
at  the  top,  and  so  much  below  the  top  as  will  be  exposed;  the  remain- 
ing portion  of  the  depth  and  bottom  should  be  squared  roughly, 
and  the  bottom  should  be  fairly  parallel  to  the  to}).  (See  Figs.  104 
and  105.) 

Combination  Curb  and  Gutter.  Concrete  curb  and  gutter 
combined  is  constructed  by  placing  the  concrete  in  suitable  forms. 
The  concrete  should  be  handled  so  as  to  prevent  the  separation 
of  the  stone  and  mortar,  and  when  placed  should  be  tamped  well 
to  bring  the  mortar  to  the  surface  and  make  complete  contact  with 
the  forms.  The  corner  formed  by  the  top  and  face  surfaces  is 
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formed  of  a  steel  bar  put  in  place  before  the  concrete  is  laid  and 
anchored  by  metal  strips  spaced  about  3  feet  apart.  Expansion 
joints  are  formed  at  distances  of  10  or  12  feet.  The  remarks  made 
under  concrete  wallas  regarding  foundation,  drainage,  failure,  etc., 
apply  also  to  concrete  curbs. 

STREET  CLEANING 

The  cleaning  of  streets  is  practiced  for  the  purpose  of  protecting 
the  health  of  the  neighboring  residents  and  for  the  comfort  of  the 
users.  It  is  of  comparatively  recent  development,  and  is  ren- 
dered possible  only  by  the  use  of  hard  pavements.  The  materials 


Fig   106.    Typir-al  Machine  Street  Sweeper 
Courtesy  of  Acme  Road  Machinery  Company,  Frankfort,  New  York 

to  be  removed  from  the  streets  consist  of  animal  droppings,  material 
worn  from  the  pavement,  materials  dropped  from  vehicles,  waste 
from  building  construction,  miscellaneous  materials  swept  from 
houses,  stores,  and  factories,  and  the  accumulation  of  snow  during 
winter. 

Cleaning  Methods.  The  local  conditions  and  character  of  the 
traffic  and  pavement  determine  the  methods  to  be  employed  and 
the  intervals  for  cleaning  the  streets.  The  methods  employed  are: 
sweeping,  either  by  hand  or  by  machine  brooms;  and  flushing  with 
water— the  work  being  performed  either  during  the  day  or  the 
night,  by  large  gangs  at  night,  and  by  means  of  a  patrol  system 
during  the  day.  Fig.  106  shows  one  of  the  machine  sweeDers  used. 
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TABLE  XV 
Rate  and  Cost  of  Street  Cleaning 
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PAVEMENT 

APPROXIMATE 
SURFACE  SWEPT 
PER  MAN 
(sq.  yds.  per  hr  ) 

APPROXIMATE 
DIRT  FROM  DAILY 
SWEEPING 
(cu.  yds.  per 
1000  sq.  yds  ) 

AVERAGE  COST 
PEH  EACH 
CLEANING 
(cents  per  sq. 

yd.) 

Asphalt 
Granite-block 
Macadam  (water-bound) 
Wood 
Brick 

(Wet) 

(Dry) 

(Mm.) 

(Max.) 

.0030 
.0050 
.0106 
0070 
.0034 

1000 
750 
700 

1200 
1000 

.007 
.015 
.100 
.070 

.040 
.024 
.350 
.200 

In  the  hand-cleaning  method  by  day  patrol,  each  man  is  fur- 
nished with  a  push  broom,  shovel,  and  can  carrier  in  which  to  place 
the  refuse,  and  has  a  certain  section  of  street  to  clean  each  day. 
The  day  patrol  sometimes  is  supplemented  by  a  large  gang  working 
during  the  night.  When  machine  brooms  are  employed  they  usually 
are  operated  at  night  and  are  supplemented  by  the  patrol  system 
during  the  day.  As  to  which  is  the  most  economical,  it  will  depend 
upon  the  cost  of  labor  and  the  condition  of  the  pavements;  on  pave- 
ments covered  with  ruts  and  depressions  machine  brooms  are 
ineffective. 

The  approximate  costs  of  the  various  methods  of  street  cleaning 
per  1000  sq.  yds.  are: 


Sweeping  (bund).  . 
Sweeping  (in:irhmej 
Flushing  (hand-hose) 
Flushing  flnjiehme)     . 


$0  2S1 

.  0  317 

.  0  319 

.  0  721 


The  average  cost  of  supervision  varies  from  .011  cent  to  34 
cents  per  mile. 

The  amount  of  surface  cleaned  by  a  machine  broom  depends 
upon  the  width  of  the  broom,  the  po\\er  of  the  horses  or  other 
mothe  power,  gradient,  and  condition  of  the  surface.  The  wider 
the  broom  the  less  A\ill  be  the  cost.  The  average  speed  of  travel 
is  about  1 3-  miles  per  hour. 

In  Table  XV  are  indicated  the  amount  of  surface  which  an 
man  will  sween  ner  hour.  deDendino1  UDOII  the  condition 
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produced  by  the  different  pavements,  if  swept  daily;  and  the  average 
cost  of  cleaning  different  pavements. 

Removal  of  Snow.  The  methods  employed  for  keeping  roads 
and  .streets  passable  during  the  period  of  snowfall  varies  according 
to  the  climatic  conditions.  In  localities  subject  to  heavy*  falls 
of  snow,  and  continuous  low  temperature  that  retards  the  melting 
of  the  snow  until  spring,  two  methods  are  followed:  (1)  a  narrow 
track  is  opened  by  a  snowplow,  through  the  center  of  the  road, 
the  snow  being  formed  into  long,  narrow  heaps  on  each  side; 
(2)  the  snow  is  not  removed,  but  is  compacted  by  rolling  with  a 
light-weight  wood  or  metal  roller,  Fig.  107.  In  localities  having 
light  falls  and  in  the  larger  cities,  the  snow  is  pushed  by  plows  or 
rotary  brooms  toward  the  gutters  from  where  it  is  loaded  into 
vehicles,  hauled  to  a  natural  waterway  and  dumped,  or  in  the 
absence  of  this  it  is  placed  in  vacant  lots  and  in  some  cases  it  is 
disposed  of  by  dumping  into  the  sewers  through  the  manholes, 
but  this  must  be  done  carefully,  as  there  is  liability  of  choking  the 
sewer  by  the  snow's  consolidating.  Light  falls  may  be  disposed 
of  by  the  application  of  a  stream  of  water  to  the  surface  of  the 
street  thereby  washing  the  snow  into  the  sewer.  Many  machines 
have  been  devised  for  melting  the  snow  by  the  application  of  steam, 
hot  air,  etc.,  but  none  of  them  have  been  successful  economically. 
In  some  cities  the  snow  is  melted  by  an  application  of  rock  salt 
which  produces  a  thawing  action  when  mixed  with  the  snow  by 
the  traffic,  the  slushy  mixture  so  formed  is  swept  to  the  gutters 
by  machine  brooms  and  washed  into  the  sewers  by  a  stream  of 
water  from  the  hydrants.  Objection  is  made  to  this  method  on 
account  of  the  intense  cold  produced  and  its  injurious  effect  upon 
the  feet  of  pedestrians  and  on  the  hoofs  of  horses. 

In  order  to  cause  the  minimum  of  inconvenience  to  traffic  it 
is  necessary  that  the  snow  be  removed  from  the  streets  as  quickly 
as  possible,  therefore,  it  is  customary,  before  the  arrival  of  winter, 
to  lay  out  the  method  and  organization  required  and  to  make  arrange- 
ments for  the  quick  mobiliy^ation  of  the  force  needed  for  its  removal. 
To  accomplish  this  the  city  is  divided  into  districts,  in  each  of  which 
there  is  established  a  headquarters  and  depot  stocked  with  the 

ru^'f^Qflrv  tnnlc;  tn  pvppiifp  flip   \vnrlr   in   that  rlistriVt.  and  to  which 
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Street  Sprinkling.  Streets  and  roads  are  sprinkled  with  water 
for  the  purpose  of  abating  dust  and  cooling  the  air.  While  water- 
bound  macadam  and  earth  surfaces  must  be  sprinkled  to  abate 
the  dust,  a  stone-block,  brick,  asphalt,  or  wood  pavement  will  not 
require  sprinkling  if  thoroughly  cleansed  and  kept  clean.  On 
unclean  and  badly  maintained  pavements,  sprinkling  with  water 
as  usually  performed  converts  the  fine  dust  into  a  slime  which  renders 
all  smooth  pavements  slippery,  and  in  warm  weather  it  becomes  a 
prolific  breeding  place  for  disease  germs,  it  clings  to  the  feet  and 
clothing  of  pedestrians,  and,  with  its  accompanying  germs,  is  carried 
into  buildings  and  dwellings. 

The  average  cost  of  sprinkling  per  square  yard  is  $0.009. 

The  systems  followed  for  executing  the  work  of  street  cleaning, 
snow  removal,  and  sprinkling  are:  (1)  by  contract  where  the  con- 
tractor furnishes  all  the  tools  and  labor;  (2)  by  contract  for  the 
labor  only,  the  city  furnishing  the  tools  and  machinery;  (3)  by  the 
city,  with  its  own  staff  and  machinery. 

SELECTING  THE  PAVEMENT 

The  problem  of  selecting  the  best  pavement  for  any  particular 
case  is  a  local  one,  not  only  for  each  city,  but  also  for  each  of  the  various 
parts  into  which  the  city  is  imperceptibly  divided;  and  it  involves  so 
many  elements  that  the  nicest  balancing  of  the  relative  values  for  each 
kind  of  pavement  is  required  in  arriving  at  a  correct  conclusion. 

In  some  localities,  the  proximity  of  one  or  more  paving  materials 
determines  the  character  of  the  pavement;  while  in  other  cases  a 
careful  investigation  may  be  required  in  order  to  select  the  most 
suitable  material.  Local  conditions  always  should  be  considered; 
hence  it  is  not  possible  to  lay  down  any  fixed  rule  as  to  what  material 
makes  the  best  pavement. 

Qualifications.  The  qualities  essential  to  a  good  pavement 
may  be  stated  as  follows: 

(1)  It  should  be  impervious. 

(2)  It  should  afford  good  foothold  for  horses  and  adhesion 
for  motor  vehicles. 

(3)  It  should  be  hard  and  durable,  so  as  to  resist  wear  and 
disintegration. 

(4)  It  should  be  adapted  to  every  grade. 
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(5)  It  should  suit  every  class  of  traffic. 

(6)  It  should  offer  the  minimum  resistance  to  traction. 

(7)  It  should  be  noiseless. 

(8)  It  should  yield  neither  dust  nor  mud. 

(9)  It  should  be  cleaned  easily. 

(10)  It  should  be  cheap. 

Interests  Affected.  Of  the  above  requirements,  numbers  (2), 
(4),  (5),  and  (6)  affect  the  traffic  and  determine  the  cost  of  haulage 
by  the  limitations  of  loads,  speed,  and  wear  and  tear  of  horses  and 
vehicles.  If  the  surface  is  tough  or  the  foothold  bad,  the  weight 
of  the  load  a  horse  can  draw  is  decreased,  thus  necessitating  the 
making  of  more  trips  or  the  employment  of  more  horses  and  vehicles 
to  move  a  given  weight.  A  defective  surface  necessitates  a  reduction 
in  the  speed  of  movement  and  a  consequent  loss  of  time;  it  increases 
the  wear  of  horses,  thus  decreasing  their  life  service  and  lessening 
the  value  of  their  current  services;  it  also  increases  the  cost  of  main- 
taining vehicles  and  harness. 

Requirements,  numbers  (7),  (8),  and  (9),  affect  the  occupiers 
of  adjacent  premises,  who  suffer  from  the  effect  of  dust  and  noise; 
they  also  affect  the  owners  of  said  premises,  whose  income  from 
rents  is  diminished  where  these  disadvantages  exist.  Numbers 
(3)  and  (10)  affect  the  taxpayers  alone — first,  as  to  the  length  of 
time  during  which  the  covering  remains  serviceable;  and  second, 
as  to  the  amount  of  the  annual  repairs.  Number  (1)  affects  the 
adjacent  occupiers  principally  on  hygienic  grounds.  Numbers  (7) 
and  (8)  affect  both  traffic  and  occupiers. 

Problem  Involved  in  Selection.  The  problem  involved  in  the 
selection  of  the  most  suitable  pavement  consists  of  the  following 
factors:  (1)  adaptability;  (2)  desirability;  (3)  serviceability;  (4)  com- 
parative safety;  (5)  durability;  (0)  cost. 

Adaptability.  The  best  pavement  for  any  given  roadway  will 
depend  altogether  on  loeal  circumstances.  Pavements  mubt  be 
adapted  to  the  class  of  traffic  that  will  use  them.  The  pavement 
suitable  for  a  road  through  an  agricultural  district  will  not  be  suit- 
able for  the  streets  of  a  manufacturing  center;  nor  will  the  covering 
suitable  for  heavy  traffic  be  suitable  for  a  pleasure  drive  or  for  a 
residential  district. 

General  experience  indicates  the  relative  fitness  of  the  several 
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TABLE  XVI 
Resistance  to  Traction  on  Different  Pavements 


TRACTIVE  RESISTANCE 

KIND  op  PAVEMENT 

Lb  per  Ton 

Fraction  of  the  Load 

Sheet-asphalt 
Brick 

30  to    70 
15  to    40 

eV  to  A 
iltf  torfd 

Cobblestone 

50  to  100 

A  to  & 

Stone-block 

30  to    80 

*V  to  & 

Rectangular  wood-block 
Round  wood-block 

30  to    50 
40  to    80 

•h  to  A 
A  to  & 

materials  as  follows:  for  country  roads,  suburban  streets,  and  pleasure 
drives — broken  stone;  for  streets  having  heavy  and  constant  traffic 
— rectangular  blocks  of  stone,  laid  on  a  concrete  foundation,  with- 
the  joints  filled  with  bituminous  or  Portland-cement  grout;  for 
streets  devoted  tp  retail  trade,  and  where  comparative  noiselessness 
is  essential— asphalt,  wood,  or  brick.*  More  recent  experience 
indicates  that  concrete,  when  properly  laid  and  reinforced  at  neces- 
sary points,  may  be  employed  to  advantage  for  any  pavement, 
both  as  base  and  as  wearing  surface. 

Desirability.  The  desirability  of  a  pavement  is  its  possession 
of  qualities  which  make  it  satisfactory  to  the  people  using  and 
seeing  it.  Between  two  pavements  alike  in  cost  and  durability, 
people  will  have  preferences  arising  from  the  condition  of  their 
health,  personal  prejudices,  and  various  other  intangible  influences, 
causing  them  to  select  one  rather  than  the  other  in  their  respective 
streets.  Such  selections  often  are  made  against  the  demonstrated 
economies  of  the  case,  and  usually  in  ignorance  of  them.  Whenever 
one  kind  of  pavement  is  more  economical  and  satisfactory  to  use 
than  is  any  other,  there  should  not  be  any  difference  of  opinion 
about  securing  it,  either  as  a  new  pavement  or  in  the  replacement 
of  an  old  one. 

The  economic  desirability  of  pavements  is  governed  by  the 
ease  of  movement  over  them,  and  is  measured  by  the  number  of 
horses  or  pounds  of  tractive  force  required  to  move  over  them  a 
given  weight— usually  1  ton.  The  resistance  offered  to  traction 
by  different  pavements  is  shown  in  Table  XVI. 
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Serviceability.  The  serviceability  of  a  pavement  is  its  quality 
of  fitness  for  use.  This  quality  is  measured  by  the  expense  caused 
to  the  traffic  using  it — namely,  the  wear  and  tear  of  horses  and 
vehicles,  loss  of  time,  etc.  No  statistics  are  available  from  which 
to  deduce  the  actual  cost  of  wear  and  tear. 

The  serviceability  of  any  pavement  in  great  measure  depends 
upon  the  amount  of  foothold  afforded  by  it  to  the  horses— provided, 
however,  that  its  surface  be  not  so  rough  as  to  absorb  too  large  a 
percentage  of  the  tractive  energy  required  to  move  a  given  load 
over  it.  Cobblestones  afford  excellent  foothold,  and  for  this  reason 
are  largely  employed  by  horse-car  companies  for  paving  between 
the  rails;  but  the  resistance  of  their  surface  to  motion  requires 
the  expenditure  of  about  40  pounds  of  tractive  energy  to  move 
a  load  of  1  ton.  Asphalt  affords  the  least  foothold;  but  the  tractive 
force  required  to  overcome  the  resistance  it  offers  to  motion  is 
only  about  30  pounds  per  ton. 

Comparative  Safety.  The  comparison  of  pavements  in  respect 
to  safety,  is  the  average  distance  traveled  before  a  horse  falls.  The 
materials  affording  the  best  foothold  for  horses  are  as  follows, 
stated  in  the  order  of  their  merit: 

(1)  Earth,  dry  and  compact. 

(2)  Gravel. 

(3)  Broken  stone  ( macadam). 

(4)  Wood. 

(.">)     Sandstone  and  brick. 

((i)     Asphalt. 

(7)     Granite  blocks. 

DurnbUihj.  The  durability  of  pavement  is  that  quality  which 
determines  the  length  of  time  during  \\hich  it  is  serviceable,  and 
does  not  relate  to  the  length  of  time  it  has  been  down.  The  only 
measure  of  durability  of  a  pavement  is  the  amount  of  traffic  tonnage 
it  \\ill  bear  before  it  becomes  so  worn  that  the  cost  of  replacing  it 
is  less  than  the  expense  incurred  by  its  use. 

As  a  pavement  is  a  construction,  it  necessarily  follows  that  there 
is  a  vast  difference  between  the  durability  of  the  pavement  and  the 
durability  of  the  materials  of  which  it  is  made.  Iron  is  eminently 
durable;  but,  as  a  paving  material,  it  is  a  failure. 

T^Urt    j-ln-nn  Viili+x  r    f\f    r«     v\mrit"irv    TY»  O  +£*fl  O  1     TIM  11    X'OTMr    /^ntl  Ul  f]  C*r  O  Kl  A  '    Yl'ifVl 
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TABLE  XVII 
Terms  of  Life  of  Various  Pavements 


MATEEIA.LS 

TERMS  OF  LIFE 
(Years) 

Granite-block 

12  to  30 

Sandstone 

6  to  12 

Asphalt 

10  to  14 

Wood 

7  to-  15 

Limestone 

Ito    3 

Brick 

5  to  15 

Macadam 

5  to    ? 

the  condition  of  cleanliness  observed.  One  inch  of  overlying  dirt 
will  protect  the  pavement  most  effectually  from  abrasion,  and 
prolong  its  life  indefinitely.  But  the  dirt  is  expensive;  it  injures 
apparel  and  merchandise,  and  is  the  cause  of  sickness  and  discom- 
fort. In  the  comparison  of  different  pavements,  no  traffic  should 
be  credited  to  the  dirty  one.  The  life  or  durability  of  different 
pavements  under  like  conditions  of  traffic  and  maintenance,  may 
be  taken  as  shown  in  Table  XVII. 

Cost.  First  cost  or  the  cost  of  construction,  is  largely  controlled 
by  the  locality  of  the  place,  its  proximity  to  the  particular  material 
used,  and  the  character  of  the  foundation.  The  question  of  cost 
is  the  one  which  usually  interests  taxpayers,  and  is  problably  the 
greatest  stumblingblock  in  the  attainment  of  good  roadways.  The  first 
cost  usually  is  charged  against  the  property  abutting  on  the  highway 
to  be  improved.  The  result  is  that  the  average  property  owner 
always  is  anxious  for  a  pavement  that  costs  little,  because  he  must 
pay  for  it,  not  caring  for  the  fact  that  cheap  pavements  soon  wear 
out  and  become  a  source  of  endless  annoyance  and  additional  expei^e. 
Thus  false  ideas  of  economy  usually  have  stood,  and  undoubtedly 
always  will  stand  to  some  extent,  in  the  way  of  realizing  that  the 
best  is  the  cheapest. 

The  pavement  which  has  cost  the  most  is  not  always  the  best; 
nor  is  that  which  cost  the  least  the  cheapest;  the  one  which  is  truly 
the  cheapest  is  the  one  which  makes  the  most  profitable  returns 
in  proportion  to  the  amount  expended  upon  it.  No  doubt  there 
is  a  limit  of  cost  to  go  beyond  which  would  produce  no  practical 
benefit;  but  it  always  will  be  found  more  economical  to  spend  enough 
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to  secure  the  best  results,  and  this  always  will  cost  less  in  the  long 
run.  One  dollar  well  spent  is  many  times  more  effective  than  one- 
half  of  the  amount  injudiciously  expended  in  the  hopeless  effort 
to  reach  sufficiently  good  results.  The  cheaper  work  may  look  as 
well  as  the  more  expensive,  for  a  time,  but  very  soon  may  have 
to  be  done  over  again. 

Economic  Benefit.  The  economic  benefit  of  a  good  roadway 
is  comprised  in  the  following:  its  cheaper  maintenance,  the  greater 
facility  it  offers  for  traveling,  thus  reducing  the  cost  of  transporta- 
tion; the  lower  cost  of  repairs  to  vehicles,  and  less  wear  of  horses, 
thus  increasing  their  term  of  serviceability  and  enhancing  the  value 
of  their  present  service;  the  saving  of  time;  and  the  ease  and  comfort 
afforded  to  those  using  the  roadway. 

Relative  Economies.  The  relative  economies  of  pavements — 
whether  of  the  same  kind  in  different  condition,  or  of  different 
kinds  in  like  good  condition — are  determined  sufficiently  by  summing 
their  cost  under  the  following  headings  of  account: 

(1)  Annual  interest  upon  first  cost  and  sinking  fund. 

(2)  Annual  expense  for  maintenance. 

(3)  Annual  cost  for  cleaning  and  sprinkling. 

(4)  Annual  cost  for  service  and  use. 

(5)  Annual  cost  for  consequential  damages. 

Interest  on  First  Cost.  The  first  cost  of  a  pavement,  like  any 
other  permanent  investment,  is  measurable  for  purposes  of  comparison 
by  the  amount  of  annual  interest  on  the  sum  expended.  Thus, 
assuming  the  worth  of  money  to  be  4  per  cent,  a^pavement  costing 
$4  per  square  yard  entails  an  annual  interest  loss  or  tax  of  $0.16 
per  square  yard. 

Cost  of  Maintenance.  Under  this  head  must  be  included  all 
outlays  for  repairs  and  renewals  which  are  made  from  the  time 
when  the  pavement  is  new  and  at  its  best  to  a  time  subsequent, 
when,  by  any  treatment,  it  is  put  again  in  equally  good  condition. 
The  gross  sum  so  derived,  divided  by  the  number  of  years  which 
elapse  between  the  two  dates,  gives  an  annual  average  cost  for 
maintenance. 

Maintenance  means  the  keeping  of  the  pavement  in  a  condition 
practically  as  good  as  when  first  laid.  The  cost  will  vary  con- 
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which  it  is  constructed,  but  upon  the  condition  of  cleanliness 
observed,  and  the  quantity  and  quality  of  the  traffic  using  the 
pavement. 

The  prevailing  opinion  that  no  pavement  is  a  good  one  unless, 
when  once  laid,  it  will  take  care  of  itself,  is  erroneous;  there  is  no 
such  pavement.  All  pavements  are  being  worn  constantly  by 
traffic  and  by  the  action  of  the  atmosphere;  and  if  any  defects 
which  appear  are  not  repaired  quickly,  the  pavements  soon  become 
unsatisfactory  and  are  destroyed.  To  keep  them  in  good  repair, 
incessant  attention  is  necessary,  and  is  consistent. with  economy. 
Yet  claims  are  made  that  particular  pavements  cost  little  or  nothing 
for  repairs, ,  simply  because  repairs  in  these  cases  are  not  made, 
while  any  one  can  see  the  need  of  them. 

Cost  of  Cleaning  and  Sprinkling.  Any  pavement,  to  be  con- 
sidered as  properly  cared  for,  must  be  kept  dustless  and  clean. 
While  circumstances  legitimately  determine  in  many  cases  that 
streets  must  be  cleaned  at  daily,  weekly,  or  semiweekly  intervals, 
the  only  admissible  condition  for  the  purpose  of  analysis  of  street 
expenses  must  be  that  of  like  requirements  in  both  or  all  cases 
subjected  to  comparison. 

The  cleaning  of  pavements,  as  regards  both  efficiency  and  cost, 
depends  (1)  upon  the  character  of  the  surface;  (2)  upon  the  nature 
of  the  materials  of  which  the  pavements  are  composed.  Block 
pavements  present  the  greatest  difficulty;  the  joints  can  never 
be  perfectly  cleaned.  The  order  of  merit  as  regards  facility  of  cleans- 
ing, is:  (1)  asphalt,  (2)  concrete,  (3)  brick,  (4)  stone,  (5)  wood, 
(6)  macadam. 

Cost  of  Service  and  Use.  The  annual  cost  for  service  is  made 
up  by  combining  several  items  of  cost  incidental  to  the  use  of  the 
pavement  for  traffic — for  instance,  the  limitation  of  the  speed  of 
movement,  as  in  cases  where  a  bad  pavement  causes  slow  driving 
and  consequent  loss  of  time;  or  cases  where  the  condition  of  a  pave- 
ment limits  the  weight  of  the  load  which  a  horse  can  haul,  and  so 
compels  the  making  of  more  trips  or  the  employment  of  more 
horses  and  vehicles;  or  cases  where  conditions  are  such  as  to 
cause  greater  wear  and  tear  of  vehicles,  of  equipment,  and  of 
horses.  If  a  vehicle  is  run  1500  miles  in  a  year,  and  its  main- 
tenance cost  $30  a  year,  then  the  cost  of  its  maintenance  Der 
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mile  traveled  is  2  cents.  If  the  value  of  a  team's  time  is,  say 
$1  for  the  legitimate  time  taken  in  going  1  mile  with  a  load, 
and  in  consequence  of  bad  roads  it  takes  double  that  time,  then 
the  cost  to  traffic  from  having  to  use  that  mile  of  bad  roadway  is 
$1  for  each  load.  The  same  reasoning  applies  to  circumstances 
where  the  weight  of  the  load  has  to  be  reduced  so  as  to  neces- 
sitate the  making  of  more  than  one  trip.  Again,  bad  pavements 
lessen  not  only  the  life  service  of  horses,  but  also  the  value  of  their 
current  service. 

Cost  for  Consequential  Damages.  The  determination  of  conse- 
quential damages  arising  from  the  use  of  defective  or  unsuitable 
pavements,  involves  the  consideration  of  a  wide  array  of  diverse 
circumstances.  Rough-surfaced  pavements,  when  in  their  best 
condition,  afford  a  lodgment  for  organic  matter  composed  largely 
of  the  urine  and  excrement  of  the  animals  employed  upon  the  road- 
way. In  warm  and  damp  weather,  these  matters  undergo  putre- 
factive fermentation,  and  become  the  most  efficient  agency  for 
generating  and  disseminating  noxious  vapors  and  disease  germs, 
now  recognized  as  the  cause  of  a  large  part  of  the  ills  afflicting 
mankind.  Pavements  formed  of  porous  materials  are  objectionable 
on  the  same,  if  not  even  stronger,  grounds. 

Pavements  productive  of  dust  and  mud  are  objectionable, 
and  especially  so  on  streets  devoted  to  retail  trade.  If  this  par- 
ticular disadvantage  be  appraised  at  so  small  a  sum  per  lineal  foot 
of  frontage  as  $1.50  per  month,  or  6  cents  per  day,  it  exceeds  the 
cost  of  the  best  quality  of  pavement  free  from  these  disadvantages. 

Rough-surfaced  pavements  are  noisy  under  traffic  and  insuffer- 
able to  nervous  invalids,  and  much  nervous  sickness  is  attributable 
to  them.  To  all  persons  interested  in  nervous  invalids,  this  damage 
from  noisy  pavements  is  rated  as  being  far  greater  than  would 
be  the  cost  of  substituting  the  best  quality  of  noiseless  pavement; 
but  there  are,  under  many  circumstances,  specific  financial  losses, 
measurable  in  dollars  and  cents,  dependent  upon  the  use  of  rough, 
noisy  pavements.  They  reduce  the  rental  value  of  buildings  and 
offices  situated  upon  streets  so  paved — offices  devoted  to  pursuits 
wherein  exhausting  brain  work  is  required.  In  such  locations, 
quietness  is  almost  indispensable,  and  no  question  about  the  cost 
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TABLE  XVIII 
Comparative  Rank  of  Pavements 


CHARACTERISTICS 

VARIETY 

Asphalt  (sheet) 

Aspha 

It  (block) 
Concrete 

Value 

Macadam  (bituminous) 

Qualities 

(per 

Macadam  (water-bound) 

cent) 

Brick 

Granite 

Sandstone 

Wood 

Low  tractive  resistance 

20 

20.C 

19.0 

18.0 

19.0 

11.0 

18.0 

12.0 

14.0 

20.0 

Service  on  grades 

10 

3.0 

3.0 

7.0 

4.0 

8.0 

9.0 

10.0 

10.0 

2.0 

Non-slipperiness 

5 

1.5 

2.5 

4.0 

2.5 

4.5 

3.5 

3.5 

5.0 

2.0 

Favorableness  to  travel 

5 

5.0 

4.5 

3.5 

4.0 

4.5 

3.5 

3.5 

4.0 

4.5 

Sanitariness 

10 

10.0 

9.0 

7.0 

8.0 

3.0 

8.0 

6.0 

70 

9.0 

Noiselessness 

3 

2.5 

2.5 

2.0 

2.5 

2.5 

1.5 

1.0 

1.5 

3.0 

Minimum  dust 

3 

2.5 

2.5 

2.0 

2.0 

1.0 

2.0 

1.5 

20 

2.0 

Ease  of  cleaning 

5 

5.0 

5.0 

3.5 

4.0 

1.0 

3.5 

1.5 

1.5 

5.0 

Acceptability 

4 

3.5 

3.5 

2.5 

3.0 

1.5 

2.5 

2.0 

2.5 

4.0 

Durability 

15 

7.5 

8.5 

6.0 

3.0 

1.5 

10.0 

15.0 

14.0 

11.5 

Ease  of  maintenance 

5 

3.5 

4.0 

3.0 

3.0 

2.5 

4.0 

4.5 

5.0 

5.0 

Cheapness  (first  cost) 

10 

4.5 

4.0 

5.0 

7.5 

10.0 

4.0 

3.0 

3.5 

3.0 

Low  annual  cost 

5 

1.5 

2.5 

3.0 

3.5 

1.0 

4.5 

5.0 

5.0 

5.0 

Totals.  ... 

100 

700 

70.5 

66.5 

66.0 

52.0 

74.0 

68.5 

75.0 

76.0 

Approximate  first    cost 

(dollars  per  sq.  yd.) 

230 

2.65 

1.85 

1,35 

1.00 

2.65 

3.25 

3.00 

3.45 

When  an  investigator  has  done  the  best  he  can  to  determine 
such  a  summary  of  costs  of  a  pavement,  he  may  divide  the  amount 
of  annual  tonnage  of  the  street  traffic  by  the  amount  of  annual 
costs,  and  know  what  number  of  tons  of  traffic  are  borne  for  each 
cent  of  the  average  annual  cost,  which  is  the  crucial  test  for  any 
comparison,  as  follows: 

(1)  Annual  interest  upon  first  cost  and  sinking  fund.  .  .         $ 

(2)  Average  annual  expense  for  maintenance  and  i  onewal 

(3)  Annual  cost  for  custody  (sprinkling  and  cleaning). 

(4)  Annual  cost  for  service  and  use 

(5)  Annual  cost  for  consequential  damages.  ... 

Amount  of  average  annual  cost 

Annual  tonnage  of  traffic  .    .          

Tons  of  traffic  for  each  cent  of  cost 

Gross  Cost  of  Pavements.    Since  the  cost  of  a  pavement 

rta-r\£kv»rln     IIT-H-I*->     +lirt    YV->  A  4- <•>•«?<-.  1     ^£    »,»'L:«'L     °±    :»    £ 1        ,1  •    1,1  ft     ,1 
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roadway,  the  extent  aixd  nature  of  the  traffic,  and  the  condition 
of  repair  and  cleanliness  in  which  it  is  maintained,  it  follows  that 
in  no  two  streets  is  the  endurance  or  the  cost  the  same,  and  the 
difference  between  the  highest  and  lowest  periods  of  endurance 
and  amount  of  cost  is  very  considerable. 

Comparative  Rank  of  Pavements.  In  Table  XVIII  is  given 
the  rank  of  the  various  pavements  in  percentage,  prorated  from 
the  values  assigned  in  the  first  column  to  the  desired  qualities. 
The  pavement  ranking  first  in  any  given  quality  is  given  the 
full  value  for  that  quality,  the  others  grading  down  from  this 
value  according  to  the  extent  to  which  they  possess  the  desired 
quality.  An  examination  of  the  table  shows  macadam  to  be  the 
cheapest;  least  durable,  and  most  difficult  to  maintain  and  cleanse; 
rather  favorable  to  travel;  comparatively  low  in  sanitariness;  and 
high  in  annual  cost.  While  the  table  may  be  used  as  an  aid  in 
determining  the  most  suitable  pavement  according  to  the  factors 
that  are  susceptible  of  a  numerical  value,  the  values  assigned  must 
be  modified 'by  local  conditions;  first  cost  will  necessarily  vary  in 
different  localities,  and  certain  factors  will  be  more  important  in 
one  locality  than  another. 

Specifications.  A  specification  or  detailed  description  of  the 
various  works  to  be  carried  out  always  is  attached  to  a  contract, 
and  is  prepared  before  estimates  are  called  for.  The  prominent 
points  that  are  essential  to  the  production  of  a  specification  that 
will  fulfill  its  purpose  properly,  are:  (1)  description  of  the  work; 
(2)  extent  of  the  work;  (3)  quality  of  the  materials;  (4)  tests  for 
the  materials;  (5)  delivery  of  the  materials;  (G)  character  of  the 
workmanship;  (7)  manner  of  executing  the  work. 

Attention  to  these  points  and  a  clear  and  accurate  description 
of  each  detail  (leaving  nothing  to  be  imagined)  not  only  will 
contribute  materially  to  the  rapid  and  efficient  execution  of  the 
work,  but  will  avoid  any  future  misunderstanding.  Every  item 
of  the  work  should  be  allotted  a  separate  clause,  for  confusion 
must  ensue  when  a  single  clause  includes  descriptions  of  several 
matters. 

As  a  rule  it  is  undesirable  to  insert  in  specifications  any  dimen- 
sions or  weights  that  can  be  shown  on  the  drawings.  However, 
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of  numerals;  the  use  of  numerals,  and  particularly  decimal  numbers, 
should  be  avoided,  as  there  is  a  risk  of  having  them  set  up  incorrectly 
by  the  typesetter  and  overlooked  in  the  proofreading.  When  a 
numeral  is  used  it  should  be  followed  by  the  word  or  words  indicat- 
ing the  numeral,  placing  the  numeral  in  parenthesis. 

Brevity,  so  far  as  it  is  consistent  with  completeness,  should 
prevail,  but  the  word  "et  cetera"  should  be  excluded  rigidly,  and 
the  matters  covered  by  it  should  be  defined  clearly.  Neither  should 
important  points  of  the  work  be  dismissed  with  the  direction  that 
"the  work  shall  be  done  to  the  satisfaction  of  the  engineer".  A 
direction  of  this  kind  usually  implies  that  the  engineer  does  not 
know  what  he  wants,  and  therefore  leaves  the  matter  to  the  superior 
knowledge  of  the  contractor — an  attitude  not  very  creditable  to 
the  former.  The  only  really  legitimate  use  of  this  phrase  is  in  a 
general  clause  referring  to  the  whole  of  the  work. 

The  specifying  of  impracticable  sizes  of  materials  must  be 
avoided  as  it  causes  unnecessary  discussion  and  frequently  leads 
to  a  charge  for  "extras". 

A  clause  or  phrase  permitting  the  furnishing  of  alternative 
materials  or  workmanship  should  be  excluded,  because  such  per- 
mission affords  ground  for  dispute  and  difference  of  opinion.  On 
the  other  hand,  specifying  that  certain  articles  manufactured  by 
a  particular  firm  shall  be  used  should  be  avoided,  as  it  suggests 
unfairness  on  the  part  of  the  engineer,  and  may  create  the  idea 
that  his  selection  is  not  without  profit  to  himself. 

With  regard  to  the  actual  methods  of  carrying  out  the  work, 
the  contractor  should  not  be  tied  to  any  particular  means  of  effecting 
the  required  end,  unless  special  circumstances  require  it,  for,  pro- 
vided the  materials  and  workmanship  are  satisfactory,  it  is  better 
to  allow  the  contractor  to  use  his  own  discretion  as  to  the  manner 
of  producing  the  required  result. 

While  the  standard  and  proper  tests  for  the  materials  always 
should  be  stipulated,  yet  if  they  are  carried  to  an  extreme  degree, 
as  frequently  happens,  they  defeat  their  own  object.  When  it 
becomes  impossible  to  carry  out  certain  unreasonable  demands, 
the  alternative  is  to  evade  them  as  much  as  possible;  and  it  must 
be  borne  in  mind  that  the  more  stringent  the  demand,  the  greater 
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Contracts.  A  good,  clear,  and  comprehensive  contract  is  a 
difficult  thing  to  write,  but  it  should  be  "common  sense"  from 
beginning  to  end,  and -should  be  the  joint  production  of  both  engi- 
neering and  legal  ability,  neither  sacrificing  the  one  feature  to  the 
other. 

The  stipulations  of  the  contract  form  the  legal  part  of  the 
document  and  are  distinct  from  the  technical  description  of  the 
work  to  be  done.  The  essential  points  are:  (1)  time  of  commence- 
ment; (2)  time  of  completion;  (3)  manner  and  times  of  payment; 
(4)  prices  for  which  the  work  is  to  be  performed;  (5)  measurements; 
(6)  damages  for  noncompletion;  (7)  protection  of  persons  and 
property  during  the  prosecution  of  work;  (8)  such  special  stip- 
ulations as  may  be  required  for  the  particular  work  that  is  being 
contracted  for. 

It  should  be  borne  in  mind  that  the  contract  and  specifications 
when  duly  signed  by  the  parties  interested,  is  a  legal  document, 
which  must  be  produced  in  court  in  the  event  of  a  dispute  arising, 
therefore,  it  is  of  the  utmost  importance  that  it  be  written  clearly 
in  simple  language,  the  clauses  being  arranged  in  logical  sequence, 
and  the  descriptions  made  exact  and  complete  without  being  need- 
lessly verbose. 

High-sounding  phrases,  and  duplication  of  statements  or  infor- 
mation, should  be  avoided  as  tending  to  confusion.  Specifications 
are  seldom  judged  by  literary  standards  of  excellence,  therefore, 
words  may  be  repeated  again  and  again  if  they  express  the  meaning 
of  the  writer  more  clearly  and  forcibly  than  an  alternative  would  do. 

In  the  case  of  a  lengthy  contract  and  specification,  a  complete 
index  with  the  clause  and  page  numbers  will  be  found  an  aid  to 
finding  quickly  any  required  subject;  cross  references  may  some- 
times be  introduced  with  advantage. 


REVIEW  QUESTIONS 

ON  THE  SUBJECT  OF 

PLANE  SURVEYING 

PARTI 


1.  Explain  by  a  diagram  how  to  erect  (with  the  tape  alone) 
a  line  at  right  angles  to  a  given*  line. 

2.  The  sides  of  a  triangular  field  are  826,432  and  529  feet. 
Find  the  area  of  the  field  in  acres,  roods,  and  square  rods. 

3.  Find  the  area  of  a  triangle  whose  sides  are  31,  40,  and 
55  rods. 

4.  Given     in     Fig.    14,    CB  =  2.85    chains,     CD  =  3.67 
chains,   CS  =  CL  =  0.52    chains,  and  LS  =  0.75    chains.      Cal- 
culate the  area  of  the  triangle  BCD. 

5.  A  certain  line  is  known  to  be  530  feet  in  length,  but 
when  measured  with  a  certain  tape  is  found  to  be  533J  feet  in 
length.     Determine  the  true  length  of  the  tape. 

6.  A  certain  field  is  measured  with  a  Gunter's   chain  and 
is  found  to  contain  5.73  acres.     It  is  afterwards  discovered  that  the 
chain  is  i'V  of  a  foot  too  long.     Find  the  true  area  of  the  field. 

7.  If  a  line  as  measured  is  found  to  be  432f  feet  in  length 
and  it  is  afterwards  discovered  that  the  tape  is  too  short  by  J  of  a 
foot,  what  is  the  true  length  of  the  line? 

8.  A  level  bubble  has  a  radius  of  150  feet  and  its  scale 
has  10  spaces  in  an  inch.     What  error  in  leveling  will  result  at  a 
distance  of  275  feet  when  the  level  bubble  is  1|  spaces  out  of  level? 

9.  At  a  distance  of  150  feet,  two  rod  readings  were  3.704 
and  3.745  and  the  bubble  moved  over  J  inch.     Determine  the 
radius  of  the  bubble  tube. 

10.  What  error  in  leveling  will  result  at  a  distance  of  123 
feet  if  the  bubble  is  2|  spaces  out  of  level,  the  scale  of  which  has 
7  snn.r-.ps  in  an  inch,  the  radius  beine*  176  feet? 


REVIEW  QUESTIONS 

ON  THE  SUBJECT  OP 

PLANE  SURVEYING 

PART  II 


1.  Give  a  detailed  description  of  the  transit. 

2.  Give  the  reasons  for  each  of  the  adjustments  of  the  transit. 
Draw  a  diagram  in  each  case. 

3.  Describe  fully  in  their  order  how  to  test  the  adjustments  of 
the  transit. 

4.  Describe  fully  in  their  order  how  to  make  the  several 
adjustments  of  the  transit. 

5.  Define  the  following:    Latitude  of  a  station;  longitude 
of  a  line;  double  longitude;  departure. 

6.  Explain  the  use  of  double  longitudes.     Draw  a  figure, 
and  explain  how  latitudes  and  departures  may  be  gotten  from  the 
length  and  bearing  of  a  line. 

7.  In  order  to  find  the  difference  in  height  of  two  peaks  M 
and  N,  a  base  line  AB  was  laid  off  5,000  feet  long;  and  the  hori- 
zontal angles  BAM  =  120°  30',  BAN  =  49°  15',  ABM  =  40°  35', 
and  ABN  =  95°  07',  were  read.     At  A,  the  angle  of  elevation  of 
M  was  17°  19',  and  the  angle  of  elevation  of  N  was  18°  45'.     Com- 
pute the  difference  in  the  height  of  the  two  peaks. 

Ans.  M  is  220.59  feet  above  N. 

8.  Draw  a  figure,  and  deduce  a  general  rule  for  the  double 
longitude  of  any  course  in  terms  of  the  double  longitude  and 
departure  of  the  preceding  course. 

9.  Explain  what  is  meant  by  balancing  a  survey. 

10.     Describe  fully  how  the  latitudes  and  departures  of  a 
series  of  courses  may  be  balanced,  and  how  to  determine  the 
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REVIEW  QUESTIONS 

ON  THE  SUBJECT  OF 

PLANE  SURVEYING 

PART  III 


1.  Let  it  be  required  to  prepare  a  table  of  declinations  for 
July  16,  1904,  for  a  point  whose  latitude  is  38°  30',  and  which  lies 
in  the  "Eastern  Time"  belt.    The  sun's  apparent  declination  at 
Greenwich  Mean  Noon  for  that  date  is  21°  24.3A  and  the  hourly 
change  is — 24"  .38. 

2.  Explain  the   term   "adjusting  the  triangle"   and  why 
adjustment  is  necessary. 

3.  A  certain  grade  line  has  a  fall  of  12.5  feet  in  one-half  of 
a  mile.     Determine  the  percentage  of  grade  and  the  vertical  angle 
corresponding  to  it. 

4.  In    Fig.    103    given    5C  =  385    feet;    A£C  =  70°05'; 
ACB  =  63°  28'.     Calculate  the  length  of  ED   and  the  length  of 
AD,  and  plot  the  figure  accurately. 

5.  It  is  required  to  determine  the  linear  convergence  for  a 
township  situated  in  latitude  43°  18'  north. 

6.  In  your  own  words  describe  fully  the  adjustments  of  the 
plane-table  in  their  order. 

7.  Explain  under  what  circumstances  the  transit  and  stadia 
may  be  used  and  when  the  plane-table  may  be  used.     Enumerate 
tho  advantages  and  disadvantages  of  each  instrument. 

8.  In  Fig.  95  the  scale  reading  was  3|  and  the  reading  of 
the  head  26.     Determine  the  grade  of  the  line  AB. 

9.  A  line  is  to  be- run  at  a  grade  of  4.75  per  cent.     Explain 
fully  how  this  would  be  done  with  the  gradienter. 

10.  In  your  own  words  describe  the  plane-table  and  its  uses; 
its  advantages  and  disadvantages. 

11.  Explain  fully  the  organization  of  a  topographic  party 
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REVIEW  QUESTIONS 

ON  THE  SUBJECT  OF 

PLOTTING  AND  TOPOGRAPHY 


1.  What  scale  of  map  and  what  general  method  of  field  work 
would  you  adopt  for  surveying  and  plotting  the  smaller  details 
of  topography?    Give  reasons. 

2.  Define  a  contour.    What  is  a  contour  interval  and  what 
conditions  determine  it? 

3.  Describe  "hachures"  and  the  principles  on  which  they 
are  drawn. 

4.  How  would  you  determine  contours  on  a  small  area  if 
only  a  tape,  rod,  and  hand-level  were  available?    Explain  why. 

5.  The  elevations  of  two  adjacent  points  are  68.2  and  87.9 
feet,  respectively;  the  points  are  90  feet  apart  horizontally;  locate 
the  five-foot  contours  between  them. 

6.  Vertical  angles  taken  to  the  6-foot  and  1-foot  marks  on  a 
rod  held  vertically  gave  the  angles  -3°  23'  and  -4°  07',  respect- 
ively; 

(a)  what  is  the  true  horizontal  distance  from  instrument 

to  rod? 

(b)  what  is  the  relative  elevation  of  the  ground  at  the  rod 

and  the  telescope? 

(c)  how  much  would  the  horizontal  distance  be  altered 

by  a  change  of  one-half  minute  in  either  vertical 
angle? 

7.  What  are  the  disadvantages  of  the  gradienter  which  do 
not  apply  to  the  stadia  method? 

8.  What  are  the  limitations  of  the  stadia  method? 

9.  What  are  the  three  shortened  methods  of  "reducing" 
stadia  observations? 

10.     Describe  the  method  of  making  a  "simple  conic  pro- 
jection."    What  portion-  of  the  resulting  map  is  correctly  repre- 
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REVIEW  QUESTIONS 

ON  THE  SUBJECT  OF 

HIGHWAY  CONSTRUCTION 

PART  I 


1.     What  are  the  essentials  necessary  for  successful  con- 
struction of  bituminous  coverings? 
E  £  2.    What  data  is  necessary  to  design  intelligently  the  size 

of  culverts? 

3.  Discuss  the  preparation  of  the  foundation  of  a  road. 

4.  What  is  meant  by  resistance  to  traction  and  resistance 
to  rolling? 

5.  What  are  the  essentials  of  good  maintenance  and  repair 
of  broken-stone  roads? 

6.  Discuss  methods  of  dust  suppression. 

7.  Discuss  the  office  of  wearing  surface. 

8.  In  making  a  reconnoissance  for  a  road,  what  points 
should  be  considered? 

9.  Discuss  briefly  the  making  of  gravel  roads. 

10.  How  are  sand  roads  and  clay  roads  improved? 

11.  On  what  conditions  does  the  location  of  a  road  depend? 

12.  Describe  the  "mixing  method"  of  applying  bituminous 
covering. 

13.  How  are  broken-stone  roads  constructed? 

14.  What  are  the  principal  methods  used  in  construction 
of  concrete  pavement? 

15.  What  are  the  elements  entering  into  the  choice  of  final 
selection  of  roads? 

16.  Discuss  methods  of  compacting  broken  stone. 


REVIEW  QUESTIONS 

ON  THE  SUBJECT  OF 

HIGHWAY  CONSTRUCTION 

PART  II 


1.  What  are  the  advantages  of  granite-block  pavement? 

2.  Draw  a  section  showing  proper  construction  of  stone- 
block  pavement. 

3.  What  are  the  essentials  of  a  good  foundation? 

4.  What  are  the  important  conditions  to  bear  in  mind  in 
fixing  grades? 

5.  What  substitutes  may  be  used  for  pavement  in  country 
districts  where  funds  are  insufficient  for  constructing  street  pave- 
ments? 

6.  What  are  the  disturbing  forces  that  the  curb   has  to 
resist? 

7.  What  should  comprise  the  essentials  of  a  sot  of  speci- 
fications? 

8.  What  qualities  are  essential  to  a  good  pavement? 

9.  What  are  the  essential  points  in  a  contract? 

10.  What  are  the  materials  generally  used  for  foot  paths? 

11.  Give  the  methods  used  for  making  roads  passable  during 
the  period  of  snow  fall. 

12.  What  are  the  advantages  claimed  for  asphalt  blocks  in 
comparison  with  a  continuous  sheet  of  asphalt? 

13.  Discuss  the  laying  of  asphalt  pavement. 

14.  What  governs  the  waterproof  qualities  of  stone-block 
pavements? 

15.  What  are  the  advantages  of  asphalt  pavement? 
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298 
291 
296 
298 
291 
37 
88 


75 

77 
147 

75 
442 
442 
442 
443 
443 
443 
442 
443 
442 
442 
443 
444 
447 
444 
444 
445 
444 
444 
444 
302 
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Nature-soil  roads  350 

earth  350 

sand  353 
sand  and  gravel  soils,  application 

of  oil  to  354 

sand-clay  353 

New  York  rod  47 

0 

Office  work  228 
farm  surveys  from  field  notes, 

plotting  232 

field  notes,  reduction  of  232 

lettering  250 

line,  border  251 

maps  by  projection,  plotting  237 

observations,  reduction  of  228 

paper,  drawing  251 

profile  from  level  notes,  plotting  234 

signs,  topographical  248 
stadia  from  survey  notes,  plotting  236 

three  point  problem  244 


Pantograph  259 

Parallax,  instrumental  54 

Philadelphia  rod  41 

Plane  surveying  11 

azimuth  97 

chaining  on  slopes  18 

farm  85 

field  notes,  keeping  30 

leveling  64 

cross-sectioning  69 

profile  67 

measurement,  base  173 

meridian,  true  102 

compass,  to  determine;  by       103 

transit,  to  lay  out  with   147,  153 

off-sets  and  tie-lines  27 

public     land     surveys,     United 

States  168 

relocation  82 

bearing  of  one  line  to  another  83 

resurveys  97 
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Plane  surveying  (continued) 

stadia  in  field,  use  of  132 

tape  or  chain,  use  of  16 

transit,  problems  involving  use  of  157 

traversing  121,  188 

Plane-table  182 

adjustments  184 

construction  182 

intersection,  method  of  189 

topographical  surveying,  in  201 

traversing,  method  of  188 

use                                     f  187 

Plotting  and  topography  211 

definitions  and  outline  of  work     211 

drawing  instruments  252 

mapping,  topographic  213 

office  work  228 

polar  planimeter,  theory  of  261 

Plotting  farm  surveys  from  field  notes  232 

Plotting  of  maps  by  projection  237 

polyconic  241 

simple  conic  238 

simple  conic  modified  240 

trapezoidal  238 

Plotting  profile  from  level  notes  234 

Plotting  stadia  from  survey  notes  236 

Polar  planimeter  260 

Polar  planimeter,  theory  of  261 

general  rule  265 

motion,  radial  262 

radial  motion,  reversed  262 

sliding  and  rolling,  combined  262 

zero  circle  261 

Poles,  ranging  50 

Polyconic  projection  241 

Preliminary  road  construction  311 

contour,  transverse  312 

contour,  width  and  transverse       311 

drainage  314 

culverts  322 

subsoil  314 

surface  319 

earthwork  331 

Prismatic  compass  79 

Projection,  plotting  of  maps  by  237 

Protractor  252 
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Resurveys  97 
Roads,   maintenance  and  improve- 
ment of  386 
broken-stone  386 
improvement  of  existing  roads      387 
systems  386 
traffic  census  388 
Roads  with  special  coverings  355 
foundations  355 
materials  355 
preparation  356 
thickness  355 
•  types  357 
road  covering,  elements  of  355 
surfaces,  wearing  358 
bituminous-macadam  375 
broken-stone  361 
classification  358 
concrete  383 
function  358 
gravel  359 
thickness  358 

S 

Scales  254 

Secular  variation  75 

Selecting  pavement  453 

benefit,  economic  458 

contracts  464 

cost  of  pavements,  gross  461 

economics,  relative  458 

interests  affected  454 

problem  involved  in  455 

qualifications  454 

rank  of  pavements,  comparative  461 

specifications  462 

Simple  conic  projection  238 

Simple  conic  projection  modified  240 

Solar  transit  149 

adjustments  151 

meridian,  with,  laying  out  153 

use  of  153 

Spherical  aberration  55 

Stadia  127 
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Stadia  (continued) 

topographical  surveying,  in    199,  201 
'use  of  132 
Stadia  rods  134 
Stadia  slide  rules  260 
Stone-block  pavements  401 
Belgian-block  403 
blocks,  dimensions  of       ,  405 
blocks,  manner  of  laying       405,  408 
,      cobble-stone         ^  403 
cushion  coat         '  407 
foundation  407 
granite-block  404 
joints,  filling  for  408 
materials  402 
granite  402 
limestone  403 
sandstones  403 
trap  rock  403 
ramming  408 
stone  pavement,  steep  grades  on  410 
Straight-edge  256 
Street  cleaning  449 
methods  449 
snow,  removal  of  451 
sprinkling  453 
Streets,  drainage  of  397 
catch  basins  398 
gutters  397 
surface  397 
Supplying  omissions  96 
Surveying  11 
geodetic,  triangulation,  or  trigo- 
nometric 11,  203 
plane  11 
topographical  189 
triangulation,   trigonometric,   or 

geodetic  203 


Table 

different  road  materials,  propor- 
tionate rise  of  center  to 
width  of  carriageway  313 

effects  of  grades  a  horse  can  draw 

on  different  pavements  285 
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Table  (continued) 

grades,  methods  of  designating  308 

gross  loads  for   horse 

on  different  pavements  285 

on  different  grades  286 

life  of  various  pavements,  terms 

of  457 

loaded    vehicles    over    inclined 

roads,  data  for  287 

map  construction,  dimensions  and 

co-ordinates  for       274,  275 

paving-brick  manufacture,  aver- 
age composition  of 
shales  for  412 

rank  of  pavements,  comparative 

rank  of  462 

resistance  due  to  gravity  on  dif- 
ferent inclinations  281 

resistance  to  traction  on  differ- 
ent pavements  456 

resistance  to  traction  on  road 

surfaces  278 

rise  of  pavement  center  above 
gutter  for  different  pav- 
ing materials  397 

stadia  readings,  horizontal  dis- 
tance and  elevations 
from  266-273 

stones,  specific  gravity,  weight, 
resistance  to  crushing, 
absorption  power  of  402 

street  cleaning,  rate  and  cost  of    451 

traction  power  of  horses  at  dif- 
ferent velocities  283 

tractive  power  with  time,  varia- 
tion of  284 

traffic  census  388 

wind  pressure  for  various  vehicles  288 
Tachymeter  m 

Tape  16 

Telemetry  222 

method,  gradienter  224 

method,  stadia  225 

method,  vertical  arc  222 

Theodolite  m 

Topographical  mapping  213 

contours  215 
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Topographical  mapping  (continued) 
contours,  determination  of 
contours,  plotting 
maps,  large  scale 
maps,  small  scale 
stadia  measurements,  numerical 

accuracy  in 
telemetry 

method,  gradienter 
method,  stadia 
method,  vertical  arc 
Topographical  signs 
Topographical  surveying 

field  operations,  method  of  con- 
ducting 
instruments 
method 
photography 
plane  table  and  stadia  in 
transit  and  stadia 
Transit 

adjustment 
construction 
engineer's 

horizontal  angle  by,  to  measure 
notes,  keeping 
omissions,  supplying 
problems  involving  use  of 
alignment,  obstacles  1o 


219 
220 
213 
214 

226 
222 
224 
225" 
222 
248 
189 

199 
202 
192 
202 
201 
199 
104 
112 
104 
111 
117 
124 
165 
157 
161 

perpendiculars  and  parallels  157 
scries  of  lines  by,  to  measure  118 
"set  up,"  to  117 

solar  140 

surveyor's  1 1 1 

tachymoter  1 1 1 

theodolite  111 

topographical  surveying,  in  1W) 

transit-theodolite  111 

traversing  121 

traverse,  checking  the  124 
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Transit-theodolite 
Trapezoidal  projection 
Traverse,  checking  the 
Traversing 
Triangulation 

angles,  measuring 

base  line,  measuring 

radiating 

triangle,  adjusting  the 


True  meridian 


111 

238 
124 

121,  188 
•  203 
205 
204 
207 
209 
•  102,147,153 


U 


United  States  public  land  surveys        168 


Vehicles,  resistance  to  movement  of  277 

air,  resistance  of  288 

friction,  axle  287 
power  and  gradients,  tractive  283 

traction,  resistance  to  277 

Vernier  31 

W 

Wood  pavements  425 

blocks,  laying  427 

crcosoting  425 

qualifications  430 

\\ye  level  51 

aberration,  chromatic  55 

aberration,  spherical  55 

adjustments  55 

axis  of  bubble-tube  56 

axis,  vertical  57 

cross-hairs,  replacing  57 

colliination,  line  of  54 

parallax  54 


